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No. 2. 


Luminescence and its Applications. 


By J. T. RANDALL, M.Sc. 


Research Laboratories of The General Electric Company, Ltd., Wembley, England. 


NERGY may exist in many 
forms, most of which cannot 
be detected by the naked 

eye. When an electric current 
flows through a wire energy is 
dissipated ; the eye cannot observe 
this dissipation of energy directly, 
unless the wire becomes so hot 
that it radiates in what we call the 
visible spectrum. A partial trans- 
formation of energy that is invisible 
to energy that is visible has then 
taken place, and perhaps the 
commonest example of this kind 
of change is the electric filament 
lamp. But it is not with this kind 
of transformation that we are con- 
cerned in this article. Many 
substances exist, a few of them 


ee 


For many years luminescent 
materials have been in the nature 
of amusing toys. Recently they 
have been much improved. Their 
use in theatrical work is well 
known but they are now being 
increasingly employed in high 
voltage discharge tubes, and in 
cathode-ray tubes for television. 
It is likely that in the near future 
their usefulness will be extended 
to the improvement of colour in 
high pressure mercury lamps. 

In this article, which is reprint- 
ed substantially from the Journal 
of the Royal Society of Arts, the 
author traces the history, prepar- 
ation and application of these 
substances. 


i _e_ eee eee eeeeee eeeeeeeeee eee ee 


are emitted and continue to be 
emitted so long as the ultra-violet 
falls on them. This effect is 
referred to as fluorescence. Some 
of the materials which show 
fluorescence continue to radiate 
light with gradually or rapidly 
diminishing intensity after they 
have been removed from the source 
of exciting radiation; this phen- 
omenon is referred to as _ phos- 
phorescence. These effects may 
be demonstrated very simply by 
coating a sheet of card with 
luminescent zinc sulphide; in the 
ordinary light the card appears 
white; in the dark it is invisible. 
If it is now placed in a beam of 
ultra-violet radiation it immediately 








in nature, that are capable of transforming the 
energy of ultra-violet radiations and cathode-rays, 
for example, into radiations detectable by the eye. 
This is the study of luminescence, and it is seen that 
it is only a special branch of the transformation of 
“invisible’”’ energy into “‘visible’’ energy. Sometimes 
the substances that effect this transformation are 
referred to as “fluorescent,’’ sometimes as “phos- 
phorescent’’ and less frequently as “luminescent,”’ 
and some reference to the more precise meaning of 
these terms will now be made. 

The terms fluorescence and phosphorescence are 
frequently used vaguely in a synonymous manner. 
When ultra-violet radiation of a given wave-length 
falls on certain classes of matter, visible radiations 


glows with a characteristic colour ; it is fluorescing. 
In order to convince that this is not an effect or trick 
of visible lighting, a sheet of white paper may be 
held in the ultra-violet beam, and it will be 
observed that this is almost invisible. If the fluores- 
cent paper is removed from the ultra-violet it 
continues to glow for some time. It is this after- 
effect or after-glow that is called phosphorescence. 
Frequently in describing the subject, it is not 
necessary to distinguish between fluorescence and 
phosphorescence, and a convenient term to use on 
such occasions is luminescence, as was suggested by 
Wiedemann" some forty to fifty years ago. Excit- 


(1). A reference is given at the end of this article for this and subsequent 
numbers 
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ation by cathode-rays is usually referred to as 
cathodo-luminescence. 

Chemi-luminescence and bio-luminescence will 
be referred to later. 


HISTORICAL. 


The subject of luminescence in its broader 
aspects is by no means a new one. What we now 
call bio-luminescence was certainly known to 
Aristotle, and there is some evidence to show that 
Pliny was acquainted with various luminescent 
minerals’. The first serious study of luminescent 
solids began early in the seventeenth century, and 
many of the more important investigations of the 
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this remarkably transformed fossil for themselves. 
Among these were Athanasius Kircher, Beccari and 
C. F. du Fay. 

Some time later it was found that the Bolognian 
phosphorus had the constitution of what is now 
called an alkanine earth sulphide, and it was the 
English scientist Canton who first prepared lumuines- 
cent calcium sulphide artificially in 1768". Ground 
oyster shells (as the source of calcium) and flowers 
of sulphur were the ingredients, and a coal fire was 
used as the furnace for his crucible.* 

After these experiments of the seventeenth and 
eighteenth centuries little progress was made in the 
study of luminescence until the eighteen-thirties 

5016 5876 6678 








Fig. 1.—-Fluorescence spectra of various zinc sulphides excited by Hg 3650A. 


The helium spectrum is included in this and subsequent spectra in order to give a 
suitable wavelength scale 


time have been recorded by Joseph Priestley in his 
book “History and present state of discoveries 
relating to Vision, Light and Colours.’ On 
page 360 the new chapter heading 1s: 
“Of the property of some substances to imbibe 
and emit light, especially the Bolognian Phos- 
phorus.”’ 

Priestley’s account is very interesting, but it is 
fairly clear that he had by no means seen and studied 
all the publications on this subject which were 
available at the time. The most complete early 
history of the subject is contained in Kayser’s 
Handbuch der Spektroscopie'’. The date of the 
first recorded discovery of luminescence in the 
seventeenth century is uncertain, but it appears 
probable that the observations of Vincenzo Calcariolo 
(or Casciarolus) occurred somewhere between the 
years 1602 and 1630. Calcariolo was a shoemaker 
of Bologna, and was, as Priestly says, “in quest of 
some chymical secret’; he tried a calcination of a 
fossil found in the neighbourhood of Mount Peterno, 
and observed that whenever this substance “‘was in 
a dark place after having been exposed to light, it 
was plainly visible by light issuing from itself.’ It 
was not long before many of the more distinguished 
investigators of the time were experimenting with 


and forties when the work of Brewster” and 


Herschel" excited the attention of two of the 
foremost investigators on the subject—Becquerel'® “'!’ 
and Stokes. It is to Stokes that we owe 
one of the most fundamental laws of luminescence, 
and incidentally the coining of the word fluorescence 
as a result of his work on the mineral fluorspar. 

The chief result of Stokes’ experiment was the 
law which now bears his name. Although at the 
time there was no wavelength scale,+ the general 
substance of the law is this: it is impossible to 
obtain fluorescence radiation of shorter wavelength 
than the incident exciting radiation. To take an 
elementary example, it would on this idea be im- 
possible to obtain blue fluorescence with incident 
green light. 

Stokes’ Law was first stated about fifty years 
before the birth of the quantum theory, and it is 
easy for us to see that the essential feature is con- 
cerned with energy rather than wavelengths. The 
law re-written on an energy basis would be simply : 

“The maximum quantal energy emitted by a 
luminescent body does not in general exceed, 


* A luminescent powder made according to Canton’s instructions was shown at 
the meeting, and compared with the modern ones which are very much brighter. 

+ In 1852 the Fraunhofer absorption lines in the spectrum of the sun were used 
as a means of identifying the different parts of the spectrum. 
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and is usually less than, the maximum quantal 
energy initially incident on the body.”’ 

That such a general law as this is not always 
true is not surprising. Many organic compounds 
may be excited to fluorescence by frequencies 
smaller than that of the intensity maximum of the 
fluorescent band, and it is generally supposed that 
the addition of vibrational energy of the organic 
molecules accounts for the effect. A special example 
of a transformation of this kind is the Raman Effect. 

It is of interest to consider the case of cathode- 
rays. Let us consider a substance which may be 
excited by blue light to give fluorescence in the red. 
The quantal energy in the beam of blue light is 
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completed by chemi- and bio-luminescence. The 
various types are referred to in more detail below, 
particularly the impure inorganic materials which 
are of such great practical importance at the present 
time ; some reference is also made to the principles 
underlying the making of these. 

(1) Pure Inorganic Solids.—Certain solids exhibit 
strong fluorescence when in the pure state; that is 
to say, known chemical methods of purification have 
failed to remove the fluorescence, and even spectros- 
copic analysis has failed to show the presence of 
impurities. Such compounds are of two kinds; 
those which depend on some peculiarity of the 
solid state for the effect, and those which show 
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Fig. 2... Fluorescence spectra of zinc-cadmium sulphides with copper impurity. 


hv, a universal constant multipled by the frequency 
v of the light. From the relation Ve = Av or Ve 
hc/\ we can find under what potential, V, an 
electron would have to fall in order to possess the 
same energy. Working this out we find that electrons 
moving under a potential difference of three volts or 
so should be sufficiently energetic to excite the 
fluorescence of the material. In practice we know 
that electrons moving under a potential difference 
of at least tens of volts are required to excite even 
the feeblest luminescence. There are at least two 
reasons for this discrepancy. Fluorescent bodies are 
generally very poor conductors and become charged 
up when electrons fall on them. Secondly, all 
matter consists of charged particles, as a consequence 
of these two effects an electron cannot really 
penetrate a solid body to any extent unless it has a 
comparatively high energy. 


CLASSES OF LUMINESCENT MATERIALS. 


Classification of luminescent materials is not an 
easy matter, but there appear to be four classes in 
which the process is entirely physical. Thus, there 
are pure inorganic solids, pure organic solids, impure 
inorganic solids, and organic materials which require 
dispersion in some medium. The classification is 


fluorescence both in the solid state and in solution. 
The platino-cyanides are good examples of the first 
type; the tetrahydrate BaPt (CN), 4H.O, gives a 
vivid green fluorescence in ultra-violet radiation 
but a solution in water is non-fluorescent. The 
uranyl salts, on the other hand, show fluorescence 
in the solid state and in solution. 

(2) Impure Inorganic Phosphors—Their Nature 
and Preparation—Most of the luminescent materials 
of any practical importance, such as, for example, 
the silicates and sulphides, depend entirely on their 
presence of minute traces of impurity for their 
luminescence effects. Without these traces of im- 
purity they would be useless. The intensity of 
fluorescence under a given source depends not only 
on the amount of deliberate impurity, but on the 
complete exclusion of traces of any foreign matter. 

The importance of having the correct impurity 
without any foreign matter will best be realized 
if some indication of the methods of preparation 
is given.* 

Zinc sulphide is a very important compound 
which may be taken as an example, and it may be 
prepared in a pure state by precipitation from a 


* Most fluorescent minerals, such as willemite, zinc blende, wernerite, ruby 
and fluorspar, belong to the “‘impurity”’ class. 
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solution of pure zinc sulphate, or by the passage of 
carbon disulphide over heated zinc oxide‘. In the 
artificial light of the room or in daylight this pure 
material is a greenish-white powder, on placing it in 
the radiation from an ultra-violet lamp there is 
practically no luminescence. This does not prove 
that the specimen is pure, as we shall see in a moment. 
If we now examine a specimen in which a minute 
trace of impurity has been incorporated, say five 
parts in 100,000 of copper, there is nothing remark- 
able about it except a distinctly dirty appearance. 
In ultra-violet radiation the specimen, like the pure 
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cadmium sulphide is not an activating impurity, but 
a major constituent; the impurity has still to be 
added. Suppose a number of these solid solutions 
are made up with increasing cadmium content and 
that each one contains a trace of copper. How 
would this affect the luminescence? The ZnS 
would still be green. A solid solution containing 
10 per cent of cadmium sulphide would be bright 
yellow-green ; one containing 25 per cent would be 
deep orange, and so on, as shown in Table 2. 
Cadmium sulphide itself shows practically no lumin- 
escence in the visible. 
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Fig. 3.-Fluorescence spectra of various silicates excited by Hg 2537A. 


one, is not fluorescent. The material is potentially, 
but not yet actually luminescent. It is necessary to 
incorporate the impurity in solid solution. It is not 
sufficient merely to add it to the matrix of zinc 
sulphide. To achieve this result, carefully con- 
trolled heat treatment in a suitable atmosphere is 
employed. T 


TABLE 1. 


Fluorescence of Zinc Sulphide with Varying Impurity. 





Nature of impurity. 


Colour of fluorescence. 


Silver blue 


Copper green 
Bismuth green 
Gold blue-white 
Manganese deep yellow 
Copper plus Silver blue or 
greenish white 











Table 1 shows one way in which the fluorescent 
colour of zinc sulphide may be varied. There is 
another very interesting method"'” suggested some 
years ago—the incorporation of cadmium sulphide. 
This compound normally crystallises in the same 
class as the hexagonal form of zinc sulphide—the 
wurtzite form—and the two when heated together 
under suitable conditions form solid solutions. There 
is a regular gradation in size of crystal lattice from 
pure zinc sulphide to pure cadmium sulphide. The 


+ During the course of the paper some of the non-fluorescent powder was 
heated in a furnace to incorporate the impurity in solid solution ; some twenty 
minutes later it was exhibited as a bright green fluorescent zinc sulphide. Large 
numbers of other compounds. requiring both short and long wave-length excitation 
were also shown. 


TABLE 2. 


Fluorescence of Zinc-Cadmium Sulphides with Constant 
Impurity (Cu). 





Percentages by weight of 
— ~- —- ——~ - Colour of 
Zinc Cadmium fluorescence, 
sulphide. sulphide. 
100 — Green 
90 10 Y ellow-Green 
85 15 Yellow 
795 25 Orange 
30 Orange-Red 
70—20 30—80 Different shades of 
Orange-Red to 
_ Brick-Red 
100 Weak Red 











The sulphides have been dealt with at some 
length because of their practical importance, and 
because of the way in which they emphasise the 
extreme precautions which have to be taken during 
the course of the successful preparations of lumines- 
cent materials. Special laboratories in which no 
other chemical processes are being carried on are 
necessary, and in certain instances it is a great 
advantage to have a filtered air supply to keep out 
harmful dust from other parts of the building. 
It is extremely easy to prepare some kind of a lumin- 
escent sulphide; it is less easy to prepare the 
particular colour required, and still less easy to repeat 
the colour when it is wanted. 

There are many other “impurity’’ compounds of 
great practical importance ; amongst these might be 
mentioned zinc orthosilicate, cadmium silicate, and 
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calcium and magnesium tungstate. All of these 
require much shorter exciting wave lengths than the 
sulphides. A mercury-in-quartz discharge lamp 
transmitting the 2537A line is a convenient demon- 
stration source for these and many other compounds. 
The sulphides are better excited by much longer 
waves such as Hg 3650A this being of importance 
in the practical applications. 

(3) Pure Organic Compounds—So far the inorganic 
luminescent materials only have been considered. 
A few of the more important organic ones will now 
be mentioned. It is extremely difficult to be sure 


streamers are to be seen as the compound spreads 
through the liquid. 

Large numbers of compounds behave in a similar 
way, and it is interesting to note that many resins, 
boric acid’ and aluminium  sulphate''* for 
example, can act as dispersing media. 


CHEMI-LUMINESCENCE AND BIO-LUMINESCENCE. 


Two other types of luminescence a little off the 
beaten track of the main subject—chemi-luminesence 
and bio-luminescence may be mentioned here. 
Chemi-luminescence is a rather rare phenomenon, 
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Fig. 4..-Fluorescence of various tungstates excited by Hg 2537A. 


that an organic compound is pure. Nevertheless, 
there are some that still luminesce after employing 
careful methods of fractional distillation which leave 
little room for doubt. The case of anthracene is of 
some interest, as it fluoresces blue in the pure state, 
and green when impure'’”’. The impurity usually 
associated with anthracene is chrysogen. It 1s 
interesting that the pure compound is fluorescent in 
solution, which indicates that the solid state as such 
is not necessary for the effect. Anthracene is more 
similar to the uranyl salts in this respect than to the 
platino-cyanides. Quinine sulphate phenanthrene 
and sodium salicylate are other examples. 

Some organic vapours—pure vapours—are 
fluorescent under suitable stimulation, particularly 
at low pressures. Benzene is one of these, but it 
is fluorescent in the ultra-violet and not in the 
visible (19) (20) ol 

(4) Disperse Organic Systems—There are many 
non-fluorescent organic solids which become strongly 
fluorescent when dispersed in a state of solution 
For example a state of dark red powdered solid 
rhodamine is non-fluorescent. On dissolving in 
water or in alcohol orange-red fluorescence is 
obtained. If, however, the concentration were 
increased above 2 per cent we should find that the 
fluorescence rapidly diminishes in strength. This 
can be shown in an interesting way with the sodium 
salt of fluorescein known as uranin. A concentrated 
solution of uranin is practically non-luminescent. 
As soon as some of this solution is poured into 
water the fluorescence appears again, and beautiful 


and is usually observed when an organic and an 
inorganic compound come together in a process of 
oxidation. For example, pyrogyollol may be treated 
with hydrogen peroxide, or siloxene with perman- 
ganate of potash. The latter reaction, due to Kautszky 
produces a remarkable yellow luminescence.* 

Bioluminescence is sometimes of bacterial origin, 
and decaying wood and fish frequently show the 
effect. More frequently, perhaps, it appears to be 
exactly of the same type as chemiluminescence, and 
then shows itself as the product of a chemical 
oxidation reaction within the animal. For example, 
the luminescence of the crustacean Cypridena 
hilgendorfii is due to the transformation of luciferin 
into oxyluciferin. The maximum of its spectrum is 
at 4800 A, and the efficiency of the process measured 
as the ratio of the energy of luminescence to the 
heat of reaction is about 1 per cent ‘'”) ‘'”, 


THE SPECTRA OF LUMINESCENT MATERIALS. 


So far no detailed reference has been made to the 
spectra of luminescent materials. Most people will 
remember that the spectrum of the tungsten filament 
lamp, for example, is continuous; that is to say, 
there are no gaps in the spectrum, and the various 
colours grade into one another very smoothly. This 
is in great contrast to the spectra of most discharges, 
which are markedly discontinuous. 

Generally speaking, the spectra of luminescent 
materials, either when fluorescing or phosphorescing 


* The action of sodium hypochlorite on ortho aminopthalic cyclic hydrazide 
was demonstrated. The blue luminescence so produced may be used to excite 
the green luminescence of uranium in the same vessel. 
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lie between these extremes. There are comparatively 
few instances where even narrow bands in the 
spectroscopic sense are observed. With regard to 
these few instances the most notable examples are 
the spectra of benzene vapour ‘*”) “*!) and the spectra 
of the uranyl salts at low temperatures‘'?. The 
spectrum of benzene has been analysed recently 
and the positions of the strong lines in the groups 
or bands conform to rules of a definitely known 
type of molecular spectrum. 

The spectra of the uranyl salts are rather like 
that of benzene vapour, and the peaks of the different 
bands are separated by a roughly constant frequency 
interval of about 850 units. This frequency differ- 
ence varies little from compound to compound. 
The uranyl salts, it will be remembered, are fluores- 
cent in solution, and there is now a good deal of 
evidence to show that the seat of the luminescence 
is the uranyl group, UO., assisted by the water or 
ammonia molecules which are co-ordinated around 
it. The fluorescence of these compounds is a 
molecular or group phenomenon. That is why 
when a uranium compound is in solution in a glass 
we get this effect. The oxygen atoms of the glass 
act in the same way as the water molecules in, say, 
the nitrate of uranium. 

So far we have not dealt with the spectra of any 
compounds containing impurity, and these are most 
important from a practical point of view. Most of 
the spectra of these materials consist of one or more 
quite broad segments of the visible spectrum. 
For example, fig. 1 shows the spectra of a number 
of zinc sulphides activated by various impurities, 
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and the bands are seen to be broad and without 
structure. Even at low temperatures, comparatively 
little structure shows up. Sometimes a single broad 
band is resolved into two, but that is all. Figs. 2, 3 and 
4 indicate the nature of the spectra of a large number of 
interesting compounds, and these spectra have recently 
been obtained at the G.E.C. Research Laboratories. 
The fluorescent spectra of the zinc-cadmium sul- 
phides, the tungstates and the silicates are all of the 
same general type. But to this type there are some 
very interesting exceptions; whenever a rare earth 
is incorporated into a luminescent material as the 
activator, there results a spectrum consisting of a 
band and a few sharp lines. The interest lies in the 
fact that the lines are associated with the atoms or 
ions of the activator. These atoms are in such a 
state in the crystal that they are capable of radiating 
more or less as if they were in the vapour state. A 
striking example is the ruby, the spectrum of which 
(fig. 5) consists of a band and a few sharp lines. 
The activating element in the ruby is chromium, 
and these lines are due to the triply ionized 
chromium atom” “”), 

In attempting to give some idea of the large 
numbers of different types of luminescent materials 
mention was made of those dissolved in resins or 
boric acid. The spectra of a rhodamine treated 
in this way, and of a solution of fluorescein and of 
solid anthracene in a pure state are also indicated 
(fig. 6). 

Apart from the few exceptions indicated, the 
chief conclusion which we may draw about the 
spectra of luminescent materials is the absence of 
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Fig. 5.—Fluorescence spectra of the ruby. 
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structure, and it may be inferred that this absence 
of structure is one of the fundamental things to be 
accounted for in any explanation of their behaviour. 


PHOSPHORESCENCE. 


E. Becquerel “) was the first to have made a 
quantitative study of phosphoresence, and to formu- 
late the laws according to which the afterglow of 
various substances decreases with time. For this 
purpose he devised the phosphoroscope. If a drum 
is coated with luminescent materials and rotated at a 
definite speed which may be varied, it is possible to 
arrange the source of exciting radiation so that the 
luminescent material can be observed at gradually 
increasing times after its removal from the exciting 
source. The laws which one or two well-known 
types of materials obey are indicated in fig. 7, which 
indicates that there are two distinct stages in the 
phosphorescence of uranyl compounds, and that the 
second is a good deal faster than the first. This is 
contrary to the type of curve obtained with sulphides 
in which the second process is slower than the first. 

In compounds of the zinc sulphide type, where 
the spectrum consists of more than one broad band, 
the differing rates of decay are visible to the eye. 
For example, some specimens which fluoresce in 
the blue phosphoresce in the green. 


EFFECT OF TEMPERATURE. 


Change of temperature of a fluorescent or 
phosphorescent material produces a number of very 
interesting and curious effects. The intensity of 
fluorescence decreases in general when the temper- 
ature is raised. This can very easily be observed in 
ultra-violet by playing a flame over a metal sheet 
coated with a zinc sulphide. Where the flame 
touches the powder the fluoresence momentarily 
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Fig. 7.._-Phosphorescence of ammonium uranyl sulphate 
(photo excitation). 


disappears; as soon as the plate cools down, the 
fluoresence re-appears. The effect is shown more 
quantitatively in fig. 8. 

The effect of low temperature on fluorescence 
can be shown with the help of a transparent vacuum 
flask, two identical samples of luminescent material 
being applied to different parts of the flask so that 
one sample may be at approximately room tempera- 
ture while the other cooled to the temperature of 
liquid air. On pouring in the liquid air a change 
of colour of the cooled portion is immediately 
noticed. 

Perhaps more striking are the effects of a similar 
nature associated with phosphorescence. Into a 
similar, but completely transparent, vacuum flask 
may be introduced a specimen which is phosphor- 
escing strongly after removal from the ultra-violet 
beam. The phosphorescence is immediately 
quenched to almost zero intensity by the cooling 
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Fig. 8._-Effect of temperature on fluorescence of zinc- 
cadmium sulphide powders. 


action of the liquid air on the flask. If we now 
remove the specimen from the liquid air, it remains 
inert for a second and then flashes up with extreme 
brilliance, finally dying away at a faster rate than 
that associated with phosphorescence at room 
temperature. 

A striking way of showing the same effect is to 
apply a hot glass rod to the back of a piece of 
fluorescent paper in a state of phosphorescence. A 
bright line immediately appears opposite the place 
where the rod has been in contact. If, however, we 
continue to watch the paper it is noticed that the 
bright line has become a dark line, indicating the 
more rapid decay after the sudden burst. If we 
‘“quench’”’ a piece of phosphorescing paper with 
liquid air and then apply the warm hand to the 
back of it, a bright print of the hand shows up on 
the front side. 


FLAME LUMINESCENCE. 


Many of the substances with which we have 
been dealing may be excited to luminescence by 
means of a flame applied rapidly to their surface. 
Tests show that the light given out under these 
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conditions is exactly the same in character as that 
given out under suitable excitation by ultra-violet 
radiation. If we were not sure of this it is quite 
obvious from the colour in many instances. If a 
layer of willemite is thinly spread over the surface of 
an aluminium plate and a blowpipe flame is applied 
to its surface the characteristic green glow 1s 
observed. 
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Fig. 9.._Correlation between luminescence and electrical 


conductivity in zinc sulphide. 


THERMO-LUMINESCENCE. 


Another effect often observed with specimens of 
certain minerals, such as fluospar, is that of thermo- 
luminescence. That is to say, if specimens sensitive 
in this way are gently heated, an observable, but 
usually not very strong luminescence can be noted. 
Minerals showing the effect have usually been 
exposed to the influence of radio-active radiations 
for millions of years. Similar effects can be re- 
produced in the laboratory by first exposing some 
crystals, such as those of common salt, to X-rays for 
comparatively short periods. Some natural minerals, 
particularly certain fluorspars, show remarkable 
colour changes as they pass through a gradually 
increasing temperature.* 


ELECTRICAL PROPERTIES OF LUMINESCENT 
SOLIDS. 

It is of interest to mention here the important 
connection between the optical and electrical prop- 
erties of many important luminescent materials. 
Some materials such as zinc sulphide, are, when in 
the pure state, neither capable of luminescence nor 
of electrical conduction—they are insulators. It is 
found that when impurity is incorporated in the 
way already described that they become slightly 
conducting ; they have, contrary to ordinary metals, 
an electrical conductivity which increases with 
temperature (fig. 9) and are usually referred to as 
semi-conductors. The correlation between the 
luminescent properties and the photo conduction 


* A number of powdered fluorspar specimens were shown to thermoluminesce 
by scattering on a hot-plate. 
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properties for zinc sulphide can be seen clearly in 
fig. 9, even down to the effect of heat on phosphor- 
escence already mentioned. It has been shown by 
others that these materials also exhibited in some 
degree the external photo-electric effect'~’’. 


THE THEORY OF LUMINESCENCE. 


Reference has already been made to the special 
case of the uranyl salts which behave from the point 
of view of fluorescence, rather like single molecules. 
In this section a very brief outline will be given 
of the theory of fluorescence for impurity solids. 
The theoretical ideas employed here have hitherto 
been applied chiefly to electrical conduction 
phenomena (24) (25) (26) (27) 

We have long been familiar with the excitation 
of the spectra of single more or less isolated gas 
atoms such as, for example, are obtained in a low- 
pressure gas discharge. We know that, to speak in 
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Fig. 10._-Possible energies (indicated by hatching) for an 
electron moving in a simple periodic field. 


the older and more familiar descriptive language, that 
an electron 1s raised up from a lower energy level to a 
higher one, and that the process of dropping back 
results in the return to a lower energy condition 
and the consequent emission of energy. 

To come now to the present case of fluorescent 
solids involving impurity atoms, we see at once that 
the process of light emission must involve the 
absorption of energy in the first place, and to this 
slight extent the processes are similar to those of the 
individual atoms. Except in the case of organic 
compounds we must realize that there are very few 
substances in which individual molecules can be 
distinguished. Solid bodies are, in general, a 
continuous array of closely packed atoms in which 
we cannot distinguish one molecule more than 
another ; it is only correct perhaps to refer to the 
whole crystal as a molecule. Instead, therefore, of 


dealing with single atoms or molecules we have, in 
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considering the reasons for the existence of these 
particular fluorescent bodies, to deal with the 
properties of hosts of atoms; with, in fact, the 
whole crystal lattice. 

From the present point of view we may regard 
a crystal as a very large number of negative and 
positive electrical charges at fixed distances apart. 
This regular arrangement is only another way of 
saying that there is a regularly varying electrical 
field within the crystal. If the crystal was for 
simplicity a single row of atoms, the field would 
vary in some very definite way. We now come to a 
very interesting point. If we calculate the possible 
energies that a single negative charge of electricity 
may have in such an electric field, we find that they 
are not continuous. This can be seen from the 
comparatively simple example of fig. 10, where the 
field U(x) is of a sinusoidal type. Possible energies 
which the electron may have in this field are 
separated by forbidden bands, and the electron 
can only have energies represented by the 
shaded portions. As the possible energies increase 
and we move to the top of the diagram, the 
forbidden bands get narrow, but they never 
disappear. These remarks apply to a real crystal 
in three dimensions, only, of course, in a more 
complicated way. Each atomic plane in the crystal 
has its own set of energy levels. The important 
point about these levels is that they belong to the 
crystal as a whole; they are not ‘‘atomic’’ levels. 
For the problem of fluorescence we need only 
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Fig. 11.-_Electronic energy bands in fluorescent solids. 

The downward pointing arrows indicate transitions lead- 

ing to fluorescence emission and the shaded bands 

marked I, I, and I, are new levels introduced by 
impurities. 


consider the uppermost energy bands. It is known 
for the substances we are interested in that the top 
band is empty; that is to say, there are no electrons 
of these energies. The band below this is a 
‘“‘forbidden”” one, and the bottom band is full of 
electrons. Suppose now that ultra-violet light falls 
on a crystal with bands as in fig. 11 (i). If the 
forbidden band is wide, nothing will happen. If, 
however, it is sufficiently narrow, electrons will 
jump from a to b. When these electrons return 
from b to a, we get fluorescent emission. This 
would represent the case of a pure substance, and it 
is possible that the fluorescence of the platino- 
cyanides can be explained in this way. Usually, 
however, the band f is too wide for this to happen. 
If the width of this band is greater than the difference 
in quantal energy between blue light and red light, 
the chance of an electron jumping from a to b is 
very small'*”. 

Suppose now an impurity is incorporated in the 
material. The impurity atoms will set up new 
localized energy levels, but their position in the 
crystal will be so far apart that they will not affect 
the energies of the main “‘lattice’’ levels. If the 
nature of the impurity atoms are such as to put 
the new localized levels somewhere in band f, 
we see that the impurity has added a new rung to 
the ladder. When ultra-violet radiation now falls 
on the crystal, it is possible for the electrons to 
jump from a to I and from I to b (fig. 11—11). When 
the electrons fall back, we have fluorescence emission. 
Many possibilities with regard to the position of the 
impurity bands can arise, and two of them are shown 
in (111) and (iv). The exact conditions under which 
emission takes place and the probable details of the 
spectrum depend to a large extent on the nature of 
the impurity and whether it is free to give up or 
absorb electrons. 

It is easy to see, however, that the general ideas 
provide an adequate qualitative explanation of the 
width of the spectrum bands and also of phosphores- 
cence. The impurity levels are of finite width, and 
each plane or direction in the crystal has its own 
levels ; as a consequence the individual contributions 
to the spectrum overlap and broad bands, in general, 
result. With regard to phosphorescence the impurity 
levels are few and far between; consequently, 
once the electrons are raised to the higher level, 
appreciable time is taken for them to find appropriate 
levels to which they may return. 

The burden of these ideas is this: theoretical 
physics has at last provided us with a framework 
on which we may now build; so far it is only a 
framework, but there are strong reasons for believing 
that it is one built on solid foundations. 


THE APPLICATIONS OF LUMINESCENCE. 


As an introduction to this section, perhaps we 
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may consider the appearance of a number of common 
domestic articles in ultra-violet radiation. In ultra- 
violet the fresh eggs appear red, and old eggs blue. 
This is a very ready means of detection for the 
large scale dealer to use when necessary. Sometimes 
fraudently inclined people have eradicated the mark 
of origin from a foreign egg by means of acid; the 
ultra-violet rays show up a trick of this kind immedi- 
ately. Margarine and butter can also be distinguished 
easily by the same means. Frauds with regard to 
documents are also capable of detection, and the 
examination of mediaeval manuscripts in ultra-violet 
radiation has shown the existence of writing beneath 
the apparent script. In mediaeval times, paper was 
scarce, and, as a convenience, was frequently used 
over and over again’). There is no time to dwell 
on these aspects, but the application of invisible 
inks to the marking of clothes by laundries might be 
mentioned; it savours more of schoolboy pranks 
than modern practice in a large and important 
industry. 

Another application of considerable practical 
importance at the present time is to theatrical 
decoration and stage effects generally. In the 
ordinary light, back cloths or dresses for example 
appear quite undistinguished, in the ultra-violet 
they may show up as extremely bright and well- 
coloured designs.* 

The application of luminescent materials to 
X-ray work in the radiographic field may also be 
briefly mentioned. Fluorescent screens are used 
to shorten the exposures required in all hospital 
work, and in many laboratories where indications of 
internal structure in various devices have to be 
obtained. In the latter field the effect of using an 
intensifying screen on the photograph of a multi- 
electrode metal valve might be mentioned. Whereas 
a photograph obtained without the use of the screen 
shows greater detail the exposure time is enormously 
longer. Until recently, it was not possible to use 
the zinc sulphide screens for this purpose because of 
the prolonged afterglow. Ina busy hospital depart- 
ment, it is obvious that the screen should lose its 
impression immediately in order that it will not 
affect later plates. The development of a short after- 
glow sulphide for this purpose is due to Dr. Levy”, 
and this advance involves the incorporation of one 
or two parts in a million of a nickel compound in 
addition to the normal activating impurity. 

An extremely important application of lumines- 
cent materials is to discharge devices of all kinds, and 
in particular to gas and vapour discharges and to 
cathode ray tubes. Crookes”) was one of the earliest 
English scientists to study fluorescence under 
approximately cathode-ray conditions. 

Radiations from gas discharges which will be 
dealt with first, extend into the infra-red at one end 
of the visible spectrum, and into the ultra-violet 


* Many of these effects were illustrated by examples when this lecture was given. 
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at the other. We have no means of turning the 
infra-red or heat rays to useful account, but the 
chief objects of employing fluorescent materials 
are to convert the otherwise useless ultra-violet 
radiations into useful visible ones, thus increasing 
the luminous efficiency, and, if possible, improving 
the effective colour of the light emitted by the device. 
It is not always possible to do both of these things 
in one and the same discharge. There are at the 
present time three types of discharge tube with 
which experiments have been made incorporating 
luminescent powders; these are the high voltage 
low current tube, the low voltage hot cathode low 
pressure mercury tube, and the low voltage high 
pressure mercury tube. Luminescent powders have 
been employed for some time on the high voltage 
tubes. The early history of an application of this 
kind is frequently rather obscure. It is known that 
in the late sixties of last century, Becquerel was 
experimenting with heaps and layers of fluorescent 
powders inside some high voltage discharge tubes. 
He also suggested that gum should be used to apply 
the powder to the tube. In 1923 Risler, a Frenchman, 
took out patents for the application of fluorescent 
powders to the outside walls of high tension tubes. 
Having noticed that they were excited outside, it is 
strange that he did not try them inside as well. 
But it was not until 1932 that a really practical 
process was patented “”), This process is concerned 
only with the application of the powders to a tube, 
and an extremely thin adhesive layer is formed by 
passing a saturated sponge of some kind down the 
tube. The fluorescent powder is then applied to 
the sticky layer by shaking on in a straightforward 
way. 

Fluorescent sulphides were the first powders to be 
applied to cold cathode high voltage tubes in this 
way. The ultra-violet radiation produced in a 
high voltage low pressure mercury discharge consists 
chiefly of lines in the neighbourhood of 1830 A, 
2537 A and 3650 A. It is known that the sulphides 
are not very responsive to the shorter of these 
radiations. A discharge tube of the high voltage 
type may be coated along half its length only with 
a zinc sulphide which fluoresces in the green; on 
Switching this on, it is found that there is a good 
contrast in colour, but not a very striking contrast 
in brightness. Zinc silicate powders, especially 
the products of the last year or so, are much more 
responsive to the shorter radiations, and in another 
tube the same mercury radiations are transformed 
to a very similar colour, but much more efficiently 
than in the case of the sulphide; in fact, magni- 
fications of about sixteen to one in luminous 
efficiency have been obtained experimentally. 

So far we have considered only mercury as a 
possible exciting radiation for these fluorescent 
powders. What happens when some of the other 
possible gases or vapours are substituted? In the 
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case of a tube coated with zinc silicate and filled 
with argon, light from the argon discharge 1s negligi- 
ble, and the fluorescence excitation is not nearly so 
good as in the case of mercury. In fact, until quite 
recently, luminescent powders have only been 
applied to those discharge tubes containing mercury 
at low pressures. A year or two ago, however, 
H. G. Jenkins, at the G.E.C. Research Laboratories, 
Wembley’, found that zinc silicate and calcium 
tungstate could be strongly excited by a pure neon 
discharge. The predominating colour of the neon 
is, of course, red, but there are some very short 
ultra-violet radiations at about 740 A, which make 
it possible for these powders to be excited. This 
discovery is of very considerable importance, because 
the mercury tubes, in spite of their high initial 
efficiency, fall off during life to some extent. This 
appears to be due partially at any rate to 
the formation of a deposit on the powder 


which absorbs the activating ultra-violet light. 
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Under laboratory conditions, considerably higher 
efficiencies have been obtained, as shown by the 
following table :— 

TABLE 4, 


Luminous Efficiencies of Some Experimental High 
Voltage Fluorescent Discharge Tubes.* 

















Luminous 
Nature of gas-filling. Fluorescent Effective efficiency 
powder. colour. (international 
LW). 
Argon-Mercury Zinc orthosilicate ae Green 40 to 80 
Neon .. vi .. | Zine orthosilicate se Yellow 25—30 
* Tubes 2.7 metres long; currents of 35 mA. ; diam. 15-20 mm. 


It is clear that the magnifications obtained when 
neon is used are not so great as when mercury is 
used, but several new colours can be obtained in 
this way, and the perfect lumen maintenance is an 
additional great advantage. In addition to the 
commercial tubes, values for some experimental 
tubes are given in Table 4. 
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Fig. 12.—Spectra of high voltage discharge tubes incorporating luminescent powders. 


Neon, on the other hand, has no effect on 
the discharge in this way, and the efficiency at 
the end of several thousands of hours is the same 
as at the beginning. When zinc silicate is used in 
conjunction with neon, the effective colour of the 
tube is yellow. Calcium tungstate which luminesces 
blue, combines with the neon colour to give an 
effective pink. The powders luminesce with a light 
whose spectrum is the same when either mercury 
or neon is used for exciting them. This is illustrated 
in fig. 12, from which it is clear that the powders 
themselves give the same spectrum in the two cases ; 
it is the conjunction with mercury on the one hand 
and neon on the other, that gives the colours 
observed in these tubes. The more important 
results with regard to efficiency are summarized in 
the following two tables :— 
TABLE 3. 
Luminous Efficiencies of 15-20 mm. diam. ‘‘Cleora’”’ 
Fluorescent High Tension Tubing. Average Values 
for a Large Number of Commercial Tubes.* 





Luminous 
Fluorescent efficiency 
Nature of gas-filling. powder. oo (international 
coiour. lumens 
per watt). 
Argon-Mercury .. | No powder... .. | Pale Blue 5 
= ai Zinc orthosilicate os Green 36 
= i Calcium tungstate .. Rich Blue 15 
High Efficiency Neon No powder .. os Red 15 
é Zinc orthosilicate *? Yellow 22 
Calcium tungstate .. Pink 15 














* Tubes 2.7 metres long ; currents of 35 mA. 


The development of new and more efficient 
colours in this way has lead to the use of these 
high voltage tubes for interior lighting purposes, 
and extremely pleasing and decorative effects can 
be obtained by this means. 

Before passing on to applications to other types 
of discharge, it should be emphasised that the use 
of fluorescent materials has raised the efficiency of 
high voltage discharge tubes to values frequently 
in excess of those for tungsten filament lamps of 
comparable wattage. 

It has often been asked whether a fluorescent 
glass or glasses can be made to render all the 
coating methods with various powders unnecessary. 
Fluorescent glass incorporating uranium has been 
known for a very long time, but it is only recently 
that a series of fluorescent glasses has been developed 
by Fischer Glass Works, Thuringia, Germany’. 
The fluorescence of these glasses depends upon 
the exclusion of practically all traces of iron from the 
manufacturing processes. This tubing is made 
to give a variety of colours which are produced by 
varying the nature of the impurity giving rise to 
fluorescence in the glass, and by the introduction 
of colouring matter. In all cases, a mercury discharge 
is necessary to excite the tubing, so that it suffers 
from the defect mentioned above—that the efficiency 
falls off during life; the perfect maintenance 
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obtained by the use of powders and neon excitation 
cannot be achieved. Data concerning the fluorescent 
glass tubing have recently been published’. The 
efficiencies are distinctly less than those of other 
commercial tubing in which the fluorescent material 
is coated on the interior of the tube instead of being 
incorporated in the glass itself. 

We may now consider the still newer applica- 
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Fig. 13.—Distribution of energy in spectrum of high 
pressure mercury lamp in glass (3,650A-—7,000A). 


tions of fluorescent powders to the high pressure 
mercury discharge lamp. As is now well-known, 
the efficiency of the high pressure lamp in glass 
containers is over three times that of the tungsten 
filament lamp of the same wattage. Fig. 13 shows 
the distribution of energy in the spectrum of one 
of these lamps extending from the red to the near 
ultra-violet. There are other emission lines in the 
infra-red, but these do not concern us at the 
moment; the emission of further lines in the ultra- 
violet is prevented by the use of a glass discharge 
vessel. The most important thing for us to notice 
in this diagram is the large amount of radiation at a 
wavelength of 3650A. Normally this is wasted or 
transformed into heat. It is of no use from a light 
efficiency point of view. 

More than twenty years ago, the use of organic 
red fluorescent dyes such as rhodamine had been 
proposed for adding red light to the Cooper Hewitt 
lamp. These dyes and, indeed, all organic fluorescent 
materials deteriorate under the action of intense 
ultra-violet rays and heat. Although this deterioration 
can be mitigated to some extent by the use of special 
media in which they are dissolved, they will not 
withstand being placed for long periods close to the 
new high pressure mercury vapour lamps. 

It was discovered at the G.E.C. Research Labor- 
atories by Ryde in 1932”, that fluorescent zinc- 
cadmium sulphides could be used in this way and yet 
withstand practically indefinitely the stringent con- 
ditions imposed by the new high pressure mercury 
lamps. In fact’, a little later, it was found that 
these powders could be placed on the inside of the 
outer jacket of H.P.M.V. lamps as shown in fig. 14. 
This latter method is to be preferred, since, if they 
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are applied to reflectors there is always the likelihood 
of films of dust and dirt collecting on the layer of 
powder, and these by absorbing the ultra-violet light 
would lead to loss of efficiency. 

The amount of red radiation which passes 
through a standard red filter (Wratten No. 25) has 
by this means been increased from something 
less than one to five and a half. An increase of red 
may also be made by introducing cadmium as well 
as mercury into the lamp, but this entails a big drop 
in efficiency. For example, mercury lamps giving 
5.5 per centage of red have an efficiency of 37 L/W 
with powder, but only 23 L/W if cadmium and 
mercury alone are used. 

Very brief mention must now be made of the 
new high pressure mercury lamps in quartz. By 
means of new techniques it has been possible to 
increase the possible range of wattages of high- 
pressure mercury lamps, and wattages of 80 and 
125 are under development, as well as much higher 
ones than the recent series used for street 
lighting. The spectrum of these lamps _ has 
a greater proportion of continuous radiation, 
but there is still a deficiency in the red. In 
the same way as described above for the glass 
lamps, this deficiency can be corrected and the 
colour vastly improved by the same principle 






MERCURY 
DISCHARGE 






STRONG 
| i 
l EMISSION 





INTERNAL 
LAYER OF 
FLUORESCENT 
POWDER 

















Fig. 14.--Application of fluorescent powders to high 


pressure mercury lamps. 


of using luminescent powders on the inside of the 
outer bulbs of these lamps also. In this case, Ryde 
has found”) that it is advantageous to use both 
red and blue fluorescent powders. With the help 


of a red luminescent sulphide the percentage red 
may be very much increased and with a green 
fluorescent silicate the efficiency of the lamp may be 
improved by as much as 30 per cent, although in 
this case, the colour is not very good. 

Luminescent materials have also been tried out 
on the inside of long low pressure low voltage 
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mercury lamps, but the difficulties of blackening 
have yet to be entirely overcome. When this stage 
has been attained, these lamps will be extremely 
useful for interior work*. 

The final application of luminescence, which can 
be mentioned only very briefly, is the cathode ray 
tube so much used in television sets of the 
present time. We are by now familiar with the 
general construction of this vacuum discharge 
device, which consists essentially of a source of 
electrons, a means of producing a fine beam of 
electrons and getting them to bombard the fluorescent 
screen at the end of the tube. In general, the 
brightness of the screen increases with the voltage 
applied to the tube. 

Cathode ray tube screens for television are 
usually coated with a mixture of two or more 
fluorescent zinc or zinc-cadmium sulphides, in 
order that the effective colour may be a near approxi- 
mation to “‘white.”’ For example, a blue powder 
and a deep yellow one might be suitable. It is 
important that the particle size of the powders 
should be nearly the same in order to avoid separation 
of the particles while the screen is being made. 
Another point of importance is the screen thickness. 
Too thin a screen leads to low brightness, and too 
thick a screen leads to selective absorption, since 
these powders are usually slightly coloured. 


* Standards employing lamps of this kind, suitable for interior work were 
demonstrated. 


It is important that all powders chosen for 
this purpose should have a negligible afterglow, 
otherwise there would be bad definition of the 
picture.* 


* Two television sets showing the evening programme, were exhibited in 
the library. 
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Floodlighting of Southern Railway Granary. 





The New Southern Railway Granary on the Thames Embankment, 
Vauxhall, floodlighted at night. 
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Fig. 1.—Part of the Pangani Falls showing the pipe lin 


HE first stage of an important hydro-electric 
power scheme, embracing the district round 
the Pangani Falls in Tanganyika, East Africa, 

has recently been completed by The Tanganyika 
Electric Supply Co., Ltd., for the purpose of 
generating electricity for lighting and power for the 
important sisal plantations in the River Pangani 
watershed. 

Referring to fig. 2, it will be seen that the River 
Pangani rises on Mount Kilimanyaro, 


e in the foreground, leading to the power station. 


great height. |The importance of these falls was 
recognized in the early days of the German 
occupation of East Africa, and they have been the 


subject of investigation and reports since 1904, 
when the first survey was completed. Various 
proposals, in fact, have been made _ during 


the past 30 years to develop some of the water power 
resources of the Pangani River at the site of the 
principal fall, but it was not until 1930 that preliminary 








a mountain 19,320 ft. high. There- | | MRI 
after it descends to, and flows |. 
through, a plateau of semi-barren 
land approximately 1,000 ft. above 
sea level. The nature of the country 
which it traverses arrests the flow 
considerably, while an area of marsh 
which intersects the river presents 
a large surface from which rapid 
evaporation takes place in the tropical 
heat. The flow of water is conse- 
quently not large, but does not show 
the great fluctuations in volume 
which are encountered in most rivers 
in tropical countries. 

The main falls, figs. 1 and 3, 
occur about 45 miles inland from 
Tanga. Their total drop, which is 
about 400ft., takes place in a series || 
of rapids and falls, over a distance | | 
of approximately two-thirds of a L 
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Map showing the Pangani River and the location of the power station. 
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plans of the hydro-electric development and trans- 
mission scheme, based on a further survey of the site 
carried out by the Power Securities Corporation Ltd., 


The new power station is situated in a part of 
the country difficult of access. The Tanga-Moshi 
railway passes within about 10 miles of the site and, 
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Fig. 3.—A glimpse of the Pangani Falls. Fig. 5.—Constructional work on the pipe line. 
were submitted to the Tanganyika government for from the railway, a rough jungle road leads to one 
their approval. In 1936 the first section of the bank of the Pangani River. The power station is 
scheme was completed, comprising a hydro-electric situated on the opposite bank, however, and _ all 
power Station situated below the falls and a distribution material had to be transported across the river on a 
system, both of which are described later in this article. barge. 





Fig. 4. -The intake dam. On the left is the haulage end of 
the light gauge railway seen in fig. 5. 
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INTAKE WORKS. 


A channel of the river to the east of the falls 
furnished a suitable position for the intake works, 
and a pipe line 1,240ft. long leading from this point 
to the power house below gives a head of 313ft. 

The intake dam, fig. 4, is 290ft. long and is 
constructed of concrete. Six scour sluice gates are 
provided to remove any debris which may collect. 
The intake to the pipe line comprises a mass concrete 
structure in which are set the sluice gates. At the 
present stage of the scheme one pipe to the power 
Station is installed (fig. 5), but provision has been 
made for another when required. As stated, the pipe 
line is 1,240ft. long, the first 418ft. being 6}ft. in 
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one set from the alternator end in fig. 8. Each 
alternator is provided with a main exciter and a 
pilot exciter. 

In view of the high speed of the generating 
sets a special design of alternator was adopted, in 
which each of the eight poles is dove-tailed into 
the rotor forging and forced into position under 
hydraulic pressure. Moreover, owing to the 
difficulty of making a solid rotor forging capable 
of withstanding the severe centrifugal forces en- 
countered, the rotor is built up of a number of steel 
discs each of which is shrunk on to the shaft, all 
machining operations being carried out after the 
various sections were secured in position on the shaft. 
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Fig. 6.—Section through the power station. 


diameter and the remainder 6ft. This grading 
reduces hydraulic friction in the upper section. 


POWER HOUSE EQUIPMENT. 


Initially, 5,000 kW of power, out of two or three 
times this amount which will be available when the 
scheme is completed, can be generated at the present 
power station. The power house itself, fig. 6, is a 
structural steel framed building covered with asbestos 
cement and galvanized iron sheeting. It can be 
seen at the end of the pipe in fig. 1. 

The plant at present installed consists of two 
3,600 h.p. single runner Francis turbines of the 
horizontal shaft type (manufactured by Boving & 
Co., Ltd.), each driving a G.E.C. 2,500 kW 6,600 
volt, 3 phase, 50 cycles alternator at 750 r.p.m. A 
view of both sets is shown in fig. 7 and a view of 


A view of the rotor is given in fig. 9, while fig. 10 
shows the method adopted on site of handling 
the rotor on arrival at the power station. 

The two pedestal bearings of each alternator are 
water-cooled, the turbine runner being mounted on 
an overhung portion of the alternator shaft. At this 
end of the alternator a Michell bearing is used to 
take the thrust. At the other end of the alternator 
is the main exciter, and on a shaft extension, overhung 
from the main exciter, a pilot exciter is mounted. 
This pilot exciter is used for supplying the excitation 
current to the exciter field winding. 

Propeller fans of special design to give axial 
ventilation are used for the ventilation of the 
alternator. The cooling air is taken from the outside 
of the power house building and discharged through 
ducts in the concrete below the machine. 
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A 6,600 volt cubicle type switch- 
board installed on the gallery controls 
the output of the two alternators 
and also two outgoing feeders to 
transformers which step up the 
voltage to 33 kV for transmission 
on an overhead system. Each circuit 
is equipped with a mechanically oper- 
ated oil circuit breaker. The board 
is provided with duplicate bus bars 
and two sets of bus bar isolators on 
all circuits so that the circuit breakers 
may be connected to either set of bus 
bars. In the centre of the board is a 


RE 


A 
: ; 


Fig. 8.—One of the two 2,500 kw, 6,600 volt alternators running at 750 r.p.m. 


bus coupler panel arranged to couple the bus bars 
together through an oil circuit breaker and isolators. 
This equipment enables “‘on load’’ change over to be 
carried out between bus bars. Mounted on the right 
hand end of the board is a swing panel, which carries 
the synchroscope, synchronizing voltmeters and 
frequency meter. This board is seen just behind 
the alternator in fig. 8. 

Each alternator panel is equipped 
with an indicating wattmeter, am- 
meters, watthour meter and protective 
relays. The protective relays include ~ 
a triple pole overload relay, a relay 
for the protection of the alternator 
windings and cables, and over voltage 
and over frequency relays. 

As the gear is operated by native 
attendants a most comprehensive 
system of interlocks is _ provided, 
which not only prevent access being 
obtained to the interior of the 
























Fig. 7.—Two Boving water turbines 
driving the alternators shown in fig. 8. 


cubicles until all associated apparatus 
is dead, but also prevents incorrect 
switching during synchronizing and 
changing over from one bus to 
another. 

For the control of each alternator 
field an exciter control desk is pro- 
vided and is equipped with a D.C. 
ammeter and voltmeter, an automatic 
voltage regulator and hand regulators 
for the main and pilot exciters. The 
automatic regulator is interconnected 
with rheostats and controls the voltage 
of the mainexciter. A field discharge 
pillar is also provided. 

From the 6,600 volt system two 
supplies are taken to step-down 
transformers, the low voltage windings ' of 
which are connected to a flat back distribution 
switchboard, fig. 11. The transformer neutrals are 
also brought out and the switchboard arranged for 
3-phase, four-wire operation. For the control of the low 
tension supply, electrically operated oil circuit breakers 
are installed. Triple pole overload and earth leakage 
protection is provided on the incoming panels. 





Fig. 9.—Rotor of one of the alternators. 
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A number of two wire and four wire supplies 
are taken from the right hand end of this board and 
are controlled by switches and fuses. In addition, 
there are two rectifier panels, a battery panel and a 
D.C. feeder panel, the D.C. supplies being used for 
auxiliary purposes, such as for operating circuit 
breakers. 


DISTRIBUTION SYSTEM. 


The electric power market consists mainly of 
factories scattered throughout the area. The port of 
Tanga on the coast is also an important consumer, but 
the chief load demand comes from the sisal factories. 
The sisal industry, i.e., the growing and decortication 
of sisal for twine and cordage, is the most impor- 
tant industry of Tanganyika. 

A 33 kV ring main distribution system has been 
selected as the most suitable and reliable method of 
supplying the area to the north and east of the falls, 



















Fig. 10 (above). — Handling 
one of the alternator rotors 
at the site of the power 
station. 


Fig. 11 (right),—- The low 
tension switchboard at the 
power station. 
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where the greatest concentration of plantations 
growing sisal occurs. Each plantation has its factory 
equipped with decorticators, pumps, brushing and 
baling machines, requiring from 120 to 250 h.p. to 
drive them. The 33 kV lines cover a distance of 
175 miles and pass through virgin jungle. Step- 
down transformers are installed at certain points to 
supply 11kV_ feeders and further ring mains, 
covering a distance of 50 miles. From this 11 kV 
system, local distribution is effected on a 3-phase 
50 cycle 400/230 volt 4-wire system. 

It should be mentioned that the denseness of the 
jungle, the absence of good roads, the resulting 
difficulties of transport—particularly during the 
abnormally heavy rains—and the unhealthy climate, 
all combined to make the construction of these 
overhead lines a matter of exceptional difficulty. 
Clearings had to be cut through the forest not only 
for the transmission line right-of-way but also to 
provide means of access for the construc- 
tion materials, especially the poles. 
These were made of reinforced concrete, 
36ft. in overall length and each weighed 
nearly a ton. 

This difficult task was successfully 
carried out by Balfour Beatty & Co., Ltd., 
of 66, Queen Street, London, E.C.4, who 
were responsible for the whole of the 
design of the scheme and its con- 
struction in a locality remote from any 
engineering facilities. Acknowledgement 
is also due to “Civil Engineering’’ (No. 
361, Vol. XXXI) for some of the 
information contained in this article. 











Fig. 1..-Loudspeaker testing in free space, i.e., 

with no reflecting surroundings. The loudspeaker 

is mounted on the top of the tower and the 

microphone is contained in a gauze box which 
is supported by a long sloping wire. 


N dealing with the many complicated factors 
external to the loudspeaker which affect 
reproduction, it should be appreciated at the 

outsct that in a single channel system using a loud- 
speaker these factors are of such a character as 
entirely to preclude the possibility of obtaining 
perfect re-creation of the original. The difference 
between the original and the reproduction, however, 
need be only below a certain order for convincing 
quality to be obtained. Because it is not possible to 
mistake a photograph for the actual subject it does 
not follow that the photograph is a bad reproduction 
of the subject. The limitations of a photograph 
are fundamentally similar to those of single channel 
sound reproduction. In both cases a high degree of 
fidelity can be, and is, obtained, but in neither case 
is complete re-creation of the original possible. 

The reasons for this shortcoming in sound re- 
production are set out in the following sections of 
this article, and it is essential that these reasons be 
studied and appreciated if the most satisfactory 
compromise is to be made. Owing to the diversity 
of the controlling factors and to their complication 
it is only possible to refer to each briefly. 

It should be added that the subjective methods of 
appraisement employed in this article have the 
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The Appraisement 
of Loudspeakers. 


PART II. 


By F. H. BRITTAIN 


Research Laboratories of The General Electric Co., Ltd., 
Wembley, England. 


CTH HTH OHHH HEHEHE EEE HEE HEHEHE HEHEHE EEE HEHEHE SEE HHHEHHEH HEHEHE HTHHEHHHS ® 


Part I of this article (Vol. 
VII, No. 4, November, 1936), 
described the present day methods 
of measuring the performance of 
a loudspeaker and indicated the 
directions in which improvement 
was possible both to the loud- 
speaker and the measuring gear. 
The purpose of the second part of 
this article is to give an outline 
of the factors which influence 
sound reproduction excluding the 
loudspeaker and its equipment. 


ee 


advantage that they contain all the links in the chain 
right up to and including the listener, but this very 
feature is a danger since it is very difficult to isolate 
one effect from the rest. Also, the condition of the 
observer is very variable and cannot accurately be 
specified, neither can he accurately specify precisely 
what he hears. For these reasons subjective methods 
are only possible for comparisons, they cannot be 
used for absolute measurement. 


THEORY OF HEARING. 


It is necessary that we should have some idea of 
the methods by which sounds are made to stimulate 
sensations in the brain. Various theories of hearing 
have been put forward from time to time, the most 
notable of these being the “‘Resonance’’ theory of 
Helmholtz, the ““Telephone’”’ theories of Wrightson, 
Boring and Watt, and the “Volley” theories of 
Weaver and Bray. It is not necessary to discuss the 
merits of the rival theories here, but a very brief 
sketch of the principal features of the ear will be 
given. 


The Ear. 


Fig. 2 gives a diagram, not to scale, of a cross 
section of the ear. In this diagram the “‘cochlea”’ is 
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shown as straight for clarity; in reality it is a 
spiral passage somewhat like the inside of a snail- 
Shell. Reading from left to right of the diagram we 
have first the outer ear, blocked at its inner end by 
the “Membrana Tympani” or ear drum. On the 
inner side of this is the ““Tympanic Cavity’’ connecting 
with the outside air by means of the “Eustacian 
Tube.” Situated in the ““Tympanic Cavity”’ are the 
three bones called the “‘Hammer, Anvil, and Stirrup.”’ 
The function of these bones is to work as a trans- 
former and match the impedance of the air which 
acts on the ear drum to the impedance of the fluid 
in the cochlea. In the walls of the tympanic cavity 
are two windows, covered by membranes, known as 
the “Fenestra Ovalis’’ and the “Fenestra Rotunda,”’ 
so called from their shapes. Both of these windows 
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Fig. 2.—Diagrammatic cross section of the ear. 


connect to a long spiral passage, down the middle of 
which runs the cochlea, dividing the passage into 
two halves. The upper half terminates at the ‘‘oval’’ 
window and is called the ‘‘Scala Vestibuli,’’ the lower 
portion connects with the “‘round’’ window and is 
called the “Scala Tympani.”” The upper side of the 
cochlea is covered by a very thin membrane known 
as Reissner’s membrane which readily transmits 
pressure through it. The lower side of the cochlea 
is covered by the “Basilar’’ membrane, which is 
more rigid. This membrane carries on one side of 
it, “‘Corti’s’’ organ, which contains the sensitive 
nerve terminations. 


Response of Nerves. 


It has been shown that if the ear is stimulated 
by any one frequency, a particular portion of the 
cochlea will be set in motion and one particular set 
of nerves will be stimulated. These nerve impulses 
have no audio frequency components similar to those 
present in the sound falling on the ear; they are 
discrete pulses, being independent of the stimulating 
frequency. The rate of repetition of the pulse and 
also its strength are nearly constant except when the 
nerve is very strongly excited, when fatigue 
phenomena set in. This is also found to be the case 
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with the pulses from other nerves associated with 
touch, etc. The brain therefore receives not a true 
replica of the original sound falling on the ear, but 
a series of pulses from different parts of the cochlea 
corresponding to various frequencies. An increase 
in loudness is explained by the assumption that a 
larger area of the cochlea is set in vibration and 
therefore a greater number of nerves are stimulated 
and send pulses to the brain. 


Telephone Theory. 


There is a second method, however, by which 
incoming sound waves are transmitted to the brain. 
This is from the cochlea in the vicinity of the round 
window. If connection is made from this part of 
the ear to an amplifier and loudspeaker, it is claimed 
that a faithful replica of the original sound can be 
heard. | 

This suggests that hearing can actually take place 
by direct electrical transmission to the brain (the 
telephone theory), but actually neither of these 
theories by itself will account for all the observed 
phenomena, and the possibility is that the true 
explanation involves both theories. 

The object of this short description of the theory 
of hearing is to show that the ear is not to be regarded 
as a somewhat inconsistent microphone. 


Failures of the Ear. I: Sensitivity. 


Dealing first with frequency response as in part 
I, it is found that for a good ear at fairly high 
intensity levels, any frequency between about 30 and 
20,000 cycles per sec. can be heard, although this 
upper limit is not common, particularly in elderly 
observers who frequently cannot hear above 5,000. 
When people cease to be able to hear the higher 
frequencies they are said to be “hard of hearing.”’ 
In more advanced cases it is termed “‘deafness,’’ and 
may affect all frequencies. 


Failures of the Ear. II: Frequency. 


If the intensity of the tone to which the observer 
is listening is reduced and the range of audible 
frequencies again determined, it will be found that 
the extreme ends have become inaudible, particularly 
the bass. It is therefore necessary to know the 
sound intensity in order to state the range of 
frequencies audible. There is one curve called the 
“threshold of hearing,’’ which shows the relationship 
between the just audible intensity of a pure tone 
and its frequency, as judged by an average observer. 
This curve has been obtained by several workers, but 
owing to the fact that it furnishes valuable informa- 
tion as to whether an observer’s hearing is normal 
or otherwise, it was decided to determine this curve 
for the people engaged in acoustic work at the 
G.E.C. Research Laboratories. Fig. 3 gives the 


mean curve for these observers, which is in good 
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agreement with the curves published in America by 
Sivian and White of the Bell Telephone Laboratories. 
This curve is expressed as the ratio of the just audible 
sound to the standard reference level of 0.0002 


dynes/cm*. For acoustic purposes ratios are 
expressed in decibels, thus 
P] 
= a 
d 20 log,, D2 


where Pl and P2 are the two pressures. 


Reproduction Level. 


An example of the use of this curve will be given. 
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Fig. 3.—‘** Threshold ’’ diagram recorded at the G.E.C. 


Assume an observer to be listening to a note of 
1,000 cycles per sec., and that this note is of such 
intensity that it is raised 20 db. above the standard 
reference level of 0.0002 dynes/cm*. It will be 
easily audible to an average observer. If, however, 
the frequency is changed, keeping the sound pressure 
constant, it will be found that at about 180 cycles 
per sec. the note becomes inaudible. This demon- 
strates an important failure of the ear. If we 
reproduce absolutely faithfully, except for an overall 
change in volume level, the ear will not be able to 
hear in the reproduction all the frequencies which it 
would have heard in the original. If the original is 
very soft and is reproduced much louder than the 
original the ear will again not hear all the frequencies 
as they were in the original. The tonal correction 
required to get good representation depends upon 
the difference in level of the original and the 
reproduced sound. Owing to the fact that this 
difference of level does not remain constant through- 
out a programme, on account of the restricted 
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volume range of the reproducer, a constant tonal 
correction does not give completely satisfactory 
results. Since there is nothing in the transmission 
to indicate the ratio of reproduced level to the 
original level of sound, it is not possible to provide 
accurate balance correction. 


Loudness. 

It has been found necessary for various purposes 
to state how loud sound of one frequency is as 
compared with sound of another frequency. This 
has been done in America by H. Fletcher and in 


0 AZIMUTH 





a Oo 
oO ° 
o oO 


009 


~ 
o 
oO 


008 


o 
oOo 
o 


000! 
0002 
OOO£ 
ooor 
000s 
0009 
oooL 
0008 
0006 
00001 


Research laboratories. 


England by B. G. Churcher and A. J. King. All 
notes of whatever frequency are compared with a 
standard frequency of 1,000 cycles per sec., and the 
intensity of the 1,000 cycle note is altered until the 
observer decides that the two notes are of equal 
loudness. (Equal loudness is quite easily estimated.) 
These loudness level units, intensity of a 1,000 cycle 
note in decibels above 0.0002 dynes/cm*, are called 
“‘phons.”” These remarks apply to single steady 
frequencies, but when several frequencies are present 
at the same time their total loudness level is not the 
added loudness levels of each component but a 
much more complex result. It has been found that 
there is a tendency for one frequency to mask 
another, particularly when the two frequencies are 
fairly near to each other. 


Harmonic Distortion. 
The ear is not a linear device, with the result that 


it produces harmonics ; but still more important is 
the fact that, due to its non-linearity, it can exert a 
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rectifying action, and when two suitable frequencies 
are present it can give rise to summation tones. 
Summation tone can be regarded in some 
respects as a spurious noise since it is not necessarily 
in harmonic relationship with either of the funda- 
mentals. If the two interfering frequencies are close 
together the ear will perceive not a summation tone 
but “beats,” i.e., a rhythmic alteration of intensity 
of one of the notes. 

The importance of harmonics can be gauged from 
the fact that the recognition of different instruments 
playing the same note is almost entirely due to their 
different harmonic content. It has long been known 
that the ear is not equally sensitive to all harmonics 
but that the lower ones near to the fundamental 
(second and third) are more masked by the funda- 
mental than the higher order harmonics such as the 
tenth and eleventh. Further, if the intensity of the 
sound is lowered, then the number of harmonics 
audible will be reduced owing to those harmonics 
which were previously just audible being now below 
the threshold of audibility. This assumes that the 
harmonics decrease at the same rate as the funda- 
mental. Work carried out at the G.E.C. Research 
Laboratories indicates that with a fundamental of a 
frequency of 256 cycles per sec. (middle C) at a 
pressure of 2 dynes/cm*, the tenth to twentieth 
harmonics have only to have 1/10,000 the pressure of 
the fundamental in order to be quite easily audible. 
The minimum audible increase or decrease of 
fundamental is nearly 1,000 times as great as this. 
These peculiarities of the ear make the representation 
of the behaviour of a loudspeaker by means of a 
response curve very deceptive. This also explains 
how it is possible to measure the response of a 
loudspeaker which has a bad rattle and yet find no 
trace of the rattle on the resulting response curve. 
(Rattles frequently take the form of a train of high 
order harmonics of very small amplitude.) There is 
reason to suppose that the lower order harmonics 
must have at least 1/10 the pressure of the fundamental 
in order to be noticeable. The masking of one tone 
by another has been investigated by H. Fletcher, and 
shows the same general kind of relationship to exist 
for inharmonically related sounds as for harmonics, 
with the important exception that where the two 
sounds are sufficiently close in frequency to give 
beats, much less masking occurs owing to the beats 
being readily audible even if the masked tone is 
very weak. 


Variation in Harmonic Content. 

There is a further point to be considered under 
the heading of harmonics; this is not the 
audibility of the harmonics in the presence of the 
fundamental, but the audibility of the fundamental 
in the presence of the harmonics. In general, it is 
difficult to mask a note of lower frequency by one of 
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a higher frequency. However, in the case of a train 
of harmonics it is very difficult to detect small 
changes in the intensity of the fundamental. An 
example is the piano whose lowest note is nominally 
27 cycles per sec., but which actually has very little 
fundamental below 100 cycles, only the harmonics 
being present at the lower frequencies. 


Spurious Noise. 


The foregoing remarks have shown that both for 
harmonically related sounds and for inharmonically 
related sounds there is less masking if the frequency 
separation between the two notes is considerable. 
Noise usually consists of several frequencies, not of 
one only, although this could of course occur. The 
result of this is that noise is frequently noticed by 
its higher components when it is in the presence of 
a wanted sound. It has been shown that the higher 
order harmonics are very easily detected in the 
presence of a strong note of considerably lower 
frequency. The same general rule applies to noise, 
except that various frequencies may combine to make 
the noise more or less objectionable, depending upon 
their exact combination and on the type of the 
wanted sound. The ear does not, when in normal 
health, contribute much spurious noise itself. 


Frequency Shift. 


There is reason to suppose that when a pure tone 
of a steady frequency is applied to the ear, its pitch 
or apparent frequency will appear to vary slightly 
according to the intensity of the note. This effect is 
small and can usually be disregarded. A much more 
important feature of the ear is the minimum 
perceptible change in frequency which can be 
detected. This change in frequency can be quite 
large provided that there is no comparison tone 
available. A sustained note makes its own com- 
parison tone, with the result that a very small 
amount of variation can be detected. There is little 
information at present available to show to what 
extent the quality of the sound masks frequency 
variation, but the duration of any particular frequency 
is important in determining the minimum audible 
frequency variation. 


Volume Range. 


As has already been stated, the lower limit of 
audibility is not the same for all frequencies. There 
is also a distinct upper limit to audibility when any 
further increase in intensity does not result in any 
further increase of loudness. This is called the 
“threshold of feeling’ or pain level. It varies with 
frequency in a manner which is to some extent the 
inverse of the threshold of audibility, the threshold 
of feeling being reached at lower intensities at very 
low and very high frequencies. At the widest point 
there is a difference of at least 120 db. between the 
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threshold of audibility and the threshold of feeling. 
This corresponds to a ratio of 1,000,000 to 1 in 
pressure. 


Phase Distortion. 


Two ears being the normal complement of a 
human being, the subject of phase distortion 
becomes very complex. The ability to detect the 
approximate direction of a source of sound relative 
to the observer’s head is thought by some to be due 
to the difference of phase at the two ears in the 
sound field. Various experiments undertaken with 
a view to determining whether this is the case have 
been made, but no very definite evidence has been 











Fig. 4._-Scction of moving coil microphone. 


presented although there is reason to suppose that 
this is partly the case at any rate. Exact phase 
relationships seem to be of little importance in 
monaural hearing unless accompanied by some other 
phenomenon. 


FACTORS MODIFYING THE ORIGINAL SOUND. 


The sound emitted by any source will be con- 
siderably modified by the distance of the source from 
the observer and also the surroundings of the source 
and the observer. Consider the case of a man 
suspended in free space. Upon hearing speech an 
observer a few feet away could tell with considerable 
accuracy the position and distance of the man from 
him. If the man is removed to double the distance 
away from the observer, the latter will be able to tell 
at once that the man has been moved further away. 
The observer will be able to estimate the distance of 
the man from him up to quite high distances. This 
estimate of distance is not made on volume alone. 
The amount of sound reflected is nil under free 
space conditions, the effect of distance is largely 
estimated by the change in frequency response of 
the sound reaching the observer. High frequencies 
are much more attenuated in their passage through 





the air than are lower frequencies, with the result 
that the character of the sound is altered. This 
effect is stressed because it explains why it is possible 
for a number of observers to adjust the balance of 
a reproduced sound to different values and yet all 
get good reproduction. We are accustomed to hear 
the same sources of sound with varing ratios of high 
to low frequencies, and unless we know how far 
away the original sound source is from the micro- 
phone we cannot determine precisely the amount of 
high frequencies desirable. It is very easy to detect 
an excessive amount of high frequencies, as this is 
not a condition to which we are accustomed in 
practice. 





Fig. 5.—Another view of the sectioned microphone 
shown in fig. 4. 


Surroundings. 


The surroundings of a source of sound play an 
important part in altering the character of the 
reproduced sound in two ways. In the first case the 
surroundings directly influence the source by altering 
its acoustic impedance at any particular frequency, 
thus causing its radiation efficiency to be increased 
or decreased for that particular frequency. 

The second way in which the surroundings can 
alter the character of the sound received by the ear 
microphone is by the reflection of the direct 
sound waves from the surroundings of the source 
and the observer, so that the ear of the observer 
receives both the direct and the reflected waves. 
The wave may be reflected only once or many times 
depending on the size, shape and composition of the 
reflector. The walls, floor and ceiling of a room 
constitute such reflectors and their presence can be 
detected by the influence that they exert on well 
known sounds. 


Reverberation. 


If a source of sound is suddenly interrupted, the 
sound in the room does not die away instantly, due 
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to the sound radiated from the source being reflected 
back at the walls of the room. The wave continues 
to travel up and down the room, getting weaker and 
weaker at each reflection. This property of rooms 
was first investigated by Sabine and later by others. 
It is convenient to measure the reverberation time 
of a room by noting the time required for a suddenly 
interrupted note to decay to 1/10° of the initial 
intensity. 

A simple measurement of this reverberation time 
does not give all the necessary information about a 
room. When a steady note is produced in a room 
the reflected sound from the walls, floor and ceiling 
interact and produce a “‘standing wave”’ pattern. If 
an observer moves about in such a room it will be 
found that the intensity of the note varies consider- 
ably with the position of the observer and the 
source, that is for any particular frequency. If the 
frequency is changed slowly, the positions of the 
observer and the source being maintained constant, 
the intensity will again be found to vary, even 
though the source of sound gives a constant output 
at various frequencies when observed in non- 
reflecting surroundings. This accounts for the very 
irregular response curves obtained from loudspeakers 
measured under these conditions. As the frequency 
is changed, the standing wave pattern of the room 
alters, and the microphone or the source or both may 
be situated at either a node or an anti-node. 


THE RECOGNITION OF SOUNDS IN A 
REVERBERANT ROOM. 

It may well be asked how sounds are recognized 
in rooms which alter their character so much. The 
answer lies in two facts. First, until now a single 
frequency only has been considered ; when listening 
to normal sounds several frequencies are almost 
always present, with the result that the variations 
of any one component are less noticed in the presence 
of other components which do not vary at the same 
rate; (due to the fact that they are of different 
frequencies). It has been indicated already that the 
ear is incapable of determining the precise amount 
of any one component in the presence of several 
others, with the result that fluctuations of one 
frequency caused by moving about the room will not 
be nearly so obvious as if only a single pure tone is 
heard. 

Secondly, owing to binaural hearing, it is readily 
possible to determine the position of a source of 
sound even in a reverberant room. This further 
reduces the effect which the reverberation has on the 
quality of the received sound. The general effect of 
reverberation is to increase the intensity of the sound 
in the room. 


Reverberation Coloration. 


There is a further important way in which the 
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surroundings may affect the sound reaching the 
observer or microphone. This is due to the fact 
that the reverberation of a room is not independent 
of frequency and that there is usually much more 
reverberation at some frequencies, almost invariably 
the lower ones. This effect alters the balance of the 
received sound. Much time is spent with large 
orchestras in altering the disposition of the various 
instruments in order to obtain a satisfactory tonal 
balance. 


MICROPHONE POSITION. 
Reverberation. 


It is necessary to consider the factors influencing 
the listener’s choice of position in order to hear the 
original sound under the best or most usual 
conditions. For instance, soft speech would be 
heard close to the listener in quiet surroundings and 
there would be little or no reverberation. A large 
orchestra would be heard from the middle of a large 
hall and there would be a definite proportion of a 
certain type of reverberation. A horse galloping 
would be heard out of doors with a small or a large 
amount of reverberation, depending on whether the 
horse was in the country or in a narrow street. It 
will be shown that it is desirable to transmit the 
reverberant as well as the direct sound even though 
the reproduction occurs in a room which is vastly 
different from the surroundings of the original 
source of sound. 


The Sound Picture. 


In dramatic productions for broadcasting great 
pains are taken to enable the listener to picture the 
surroundings of the principal sound sources, such 
as the noise of passing traffic and pedestrians in a 
street scene. The accurate control of reverberation 
in such sound pictures has not received the attention 
which it deserves until quite recently. In the 
presentation of music the control of reverberation 
and its variation with frequency are the main ways 
of transmitting the effect of the surroundings of the 
original sounds. For a given hall there will be a 
large change in the “‘reverberation ratio,’’ that is the 
ratio of direct sound falling on the microphone to 
that reaching it after one or more reflections, 
depending upon the distance of the microphone 
from the source of sound. The usual tendency is 
to place the microphone much closer to the source 
than the observer would ever choose as a suitable 
position from which to hear the sound. This is 
partly due to the difficulty of amplifying very weak 
sounds, partly due to the possibility of local noises 
being picked up when a sensitive microphone is used 
at a great distance from the source of sound, and 
partly due to the poor polar response with frequency 
of otherwise good microphones. This last fault had 
the effect of colouring the reverberant sound as 
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compared with the original if the microphone was 
used at some considerable distance from the source 
of sound. If such a microphone were used close up 
to a large orchestra then those instruments not 
directly in front of the microphone would not be 
faithfully reproduced. The latest types of micro- 
phone are almost free from this defect. Further, 
owing to the ability of the listener to discriminate 
against reverberant sound, a feature not found in 
microphones, the use of a microphone accentuates 
reverberation. This does not apply when two similar 
microphones are used in a binaural system. 


Multiple Microphones. 


Owing to microphones being placed much closer 





between two sounds heard together, both in intensity, 
balance and reverberation content. It is not to be 
confused with stereophonic reproduction which deals 
with the recreation of sounds at different positions. 
Intimate speech is heard normally with little or no 
reverberation and a minimum of high frequency 
attenuation due to the closeness of the speaker to the 
listener. The background sound necessary to give 
the sound picture may however require to be very 
reverberant. Under these conditions two micro- 
phones might be used with advantage. The same 
remarks apply to the sound recording studios used 
in sound films, but in this case there is the picture 
on the screen to help to give perspective to the 
sounds. Multiple microphones may be used with 





Fig. 6.—The ‘‘ Standard living room’’ in which loudspeakers are tested at 
the G.E.C. Telephone Works, Coventry. 


to the source of sound than a listener would choose 
as a position from which to hear the original sound, 
it was found very difficult to maintain the proper 
balance of the instruments in an orchestra; the 
microphone would be very near to some and at a 
considerable distance from the others, resulting in 
undue prominence to the nearest instruments. To 
overcome this defect additional microphones were 
used to pick up the sound from the more remote 
instruments. Each of these microphones added a 
small amount of reverberation, and the total result 
was a mixture of reverberations which did not sound 
like anything which could ever be heard by one 
listener. This practice has been almost entirely 
abandoned now except for certain special effects. 


Auditory Perspective. 


By auditory perspective is meant the relation 


LOL LLLP ENE | Bd “Tea, 


success if the sounds picked up by one microphone 
are isolated from the sounds picked up by another. 
Take as an example of this a picture of a wedding 
ceremony in a cathedral. The picture on the screen 
shows a close-up of the bride and bridegroom at the 
altar rails. The observer is supposed to be close to 
them and their speech comes to him with little or 
no reverberation. A choir are heard chanting in the 
background, and their sounds reach him with a very 
high proportion of reverberation. They do not 
appear in the picture, and may conveniently be in a 
highly reverberant studio with a separate microphone. 


REPRODUCTION. 


The principal factors modifying the sound on its 
journey from the source to the observer or micro- 
phone have now been discussed. Factors modifying 
the reproduced sound, assuming that the recreated 
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sound wave at the loudspeaker is a facsimile of that 
received by the microphone, will now be considered. 


Effect of Surroundings. 


Domestic entertainment is normally received in a 
living room, where there is generally a certain amount 
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Fig. 7.—Section of a carbon microphone. 


of reverberation present due to the room. It may be 
taken for granted that the listener will not go to the 
trouble of acoustically treating the room to alter the 
listening conditions. As rooms may have a reverbera- 
tion time of either fractions of a second or of several 
seconds duration, depending on the size and internal 
furnishings of the room, it becomes obvious that an 
average case must be considered. It will be assumed 
that the average room is about 15 feet square, with 
a 9 foot ceiling and a volume of about 2,000 cu. feet. 
It will also be assumed that the room is so furnished 
that the reverberation time is not greater than about 
5 second. 


Standard Room. 


The effects of this standard room will now be 
considered in the light of various reproduced 
programmes. Dealing first with any type of sound 
which frequently originates in our standard room, 
speech for instance. It is desirable that the loud- 
speaker should emit the same sounds as the source 
did, without any additions in the form of reverbera- 
tion from the room in which the source and micro- 
phone were situated. Further, there must be no 
difference of volume between the original and the 
reproduced sound since it has been shown that the 
action of the ear is peculiar to the volume of the 
sound being received. The object in this case is to 
make it appear as if the source were actually present 
in the standard room, and therefore reverberation 
from this room only is required. If the surroundings 
of the voice are obviously not those of a living 
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room, complete realism cannot be attained, and the 
case will be treated with other sounds not normally 
originating in a living room. In this connection it 
should be noted that it is not possible to reproduce 
a voice in our standard living room as it would be 
heard out of doors, due to the added reverberation 
of the standard room. A close approximation may 
be obtained if the speech is at a very low volume 
level so that the reflected waves from the walls of 
the room are too weak to be audible, giving the 
impression that there is no reverberation. There is 
a difficulty in the realization of this simple case of 
no added reverberation from the surroundings of the 
source and the microphone. It is due to the effect 
which a non-reflecting room has on those not 
accustomed to speak in it. Owing to the absence of 
reflection the voice sounds very strange, and the 
harm done to a temperamental artiste far outweighs 
the slight increase in realism obtained from the use 
of a very dead room. Modern studios designed for 
talks are therefore made fairly dead but by no means 
totally absorbing. 


Sounds not Normally Heard in Living Rooms. 


Dealing now with sounds which are not normally 
heard in a standard living room, it is obvious that 
complete realism can seldom be obtained. This is 
due to this fact that broadcasting is an art as well 
as a science. In this case the aim of the broadcast 
engineer should be to present to the ear of the 
listener, a sound field similar in all respects to that 
which he would hear if he were ideally situated for 
hearing the original. The surroundings of an 
invisible sound source are pictured by the listener 
mainly by the particular type of reverberation 
which they contribute. In order to get an idea of 
the surroundings of the source this reverberation 
must be included in the electrical input to the 
loudspeaker, bearing in mind that it will have added 
to it the reverberation of the standard room. As 
however the reverberation time of halls used for the 
initial production of music is between one and two 
seconds, the reverberation time of the standard living 
room will not have any very marked effect in adding 
reverberation to the reproduced sound. Owing to 
the standing wave pattern of the room there may be 
a serious “‘coloration’’ of the reproduced sound due 
to the receiver being situated at either a node or an 
antinode for some particular frequency. This makes 
the reproduction become peculiar to the room and 
the particular disposition of the receiver in it. 
Further, some types of programmes originate in 
surroundings which have a shorter time of reverbera- 
tion than that of the standard room. In these cases 
the reverberation of the room becomes important. 
Owing to the fact that the ear is able to distinguish 
the difference between a reverberation time of say 
one second in a large hall and a reverberation time 
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Therefore, in order to reproduce 
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of one second in a small room, the reverberation 
characteristics of the standard room play a larger 
part than might be expected. 


Size of the Source. 


It has been shown that the 
standard living room is incapable of 
supplying reverberation of the right 
kind except for sounds normally 
heard in living rooms. It becomes 
obvious from this that the required 
reverberation must be added to the 
room by the reproducer and there- 
fore must be transmitted. There is, 
however, one serious objection to 
this procedure. A normal listener 
can estimate by various means the 
size and position of a source of 
sound in a room. Reverberation 
comes to the listener from all 
directions depending on the positions 
of the objects which have reflected 
it and the number of reflections. 
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second system and reproducers. An interesting 
elaboration of this scheme, originally devised to 
illustrate stereophonic reproduction has been tried 





Fig. 9._-A delicately balanced instrument for measuring the local stiffness 


reverberation naturally it is necessary of a loudspeaker cone. The cone is seen clamped in an adjustable support 


for the loudspeaker to envelope the 

listener completely. This is not entirely practicable, 
but the effect can be approximated by a number 
of loudspeakers. If these loudspeakers are used 
to reproduce the direct sound as well as the 








Fig. 8.—Device for determining the uniformity of the 
magnetic field in the air gap of a loudspeaker magnet. 


reverberation the effect will be very unnatural, 
particularly when the original source of sound 
is known to be small, as in speech. A better 
method is to transmit the direct sound over one 
system and reproducer and the reverberation over a 


on the left of the illustration. 


in America, where three microphones feeding 
separate channels were employed to collect sound 
from an orchestra on a stage and to transmit it to 
three reproducers similarly placed on another stage. 
This gave a close approximation to stereophonic 
relief, various instruments appearing to be placed in 
different parts of the stage. If a singer moved about 
on the transmitting stage the voice appeared to move 
about on the reproducing stage with great realism. 
Ideally under these conditions the reverberation is 
supplied by the second auditorium only. These 
schemes are not applicable to the ordinary reception 
of broadcasting, with the result that some artifice 
must be used. The simplest, and one which is 
capable of producing interesting results, is to place 
the reproducer, which must obviously be of good 
quality, in a separate room and listen to the 
reproduction from an adjoining room through an 
open door. The reflections occuring in the room in 
which the reproducer is playing help to conceal its 
size and position and thus give greater realism. 


The Sound Distribution from a Loudspeaker. 


The sound from a loudspeaker should be radiated 
equally well in all directions at all frequencies, but 
unfortunately this is seldom the case with the loud- 
speakers at present in use. They nearly all radiate 
the high frequencies in a beam and the lower 
frequencies more uniformly, with the result that if 
a listener from a position on the axis of a loud- 
speaker moves to a position at one side of it he will 
hear a change in balance of the reproduction. This 
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feature of loudspeakers also tends to alter the rever- 
beration-frequency characteristics of the room owing 
to the low frequency sounds being radiated in all 
directions from the reproducer and therefore being 
reflected from the walls of the room. The high 
frequencies on the other hand are radiated as a 
beam and fall only on the ear of the listener. 
This tilts the apparent reverberation characteristics 
of the room so as to give it a preponderance of low 
frequency reverberation. This bass preponderance 
is usually very undesirable, as the reverberation is 
frequently excessive in the bass due to reduced 
absorption by the walls of the room. 


The Reproduction of Sound in Halls. 


When sound is reproduced in halls, the rever- 
beration of the hall in which the sound is being 
reproduced is generally predominant over any 
reverberation which may be included in the trans- 
mission unless the hall has been specially treated for 
sound reproduction. An orchestra will be reproduced 
most naturally in a normal hall when the transmission 
does not include any reverberant sound. For other 
transmissions it is desirable to have less than the 
optimum reverberation for music in order to be able 
to reproduce intimate conversation which should have 
little reverberant sound either at the transmitting or 
receiving end. If the hall is treated to give it a 
reverberation time lower than the optimum for any 
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particular type of reproduced programme it will be 
necessary to transmit reverberation to accompany 
those types of sound normally occuring in reverberant 
surroundings. 


CONCLUSION. 


The general limitations of sound reproduction 
have been indicated in the preceding sections of this 
article. With a knowledge of these limitations a 
reproducer can be made which will be quite satis- 
factory for domestic use. Although it will fall short 
of giving perfect reproduction, the listener will 
seldom find fault with its performance. The 
listener is not usually in a position to make direct 
comparison with the original sound, so that should 
the reverberation content, or the loudness of the 
reproduced sound, or the ratio of high frequencies 
to low frequencies differ slightly from the original, 
it is not detectable because differences of the same 
order are normally experienced in direct listening 
owing to changes in the surroundings of the source. 
Changes in the quality of a friend’s voice, for 
instance, which undoubtedly occur according to 
whether he speaks in one room or another, or out 
of doors, in no way impair the reality of his speech. 

The imperfections in the reproduced sound from 
a loud speaker, which are only of the same order as 
the changes mentioned above, will not be detected 
and convincing quality will be attained. 
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Gold Mining in Peru. 


By WILLIAM BULLOCK, 
Assoc.Inst.M.M. 


Mining Dept. of Fraser & Chalmers 


Engineering Works. 


Fig. 1.—General view of the 
buildings of a gold mine situated 
at Progresso in Peru at a height 
of 12,800 ft. above sea level. 
Practically the whole of these 
buildings and plant was trans- 
ported in sections by aeroplane. 


GOLD mine of unusual in- 
terest has recently started 
operations at Progresso in 

the Province of Cotabambas, De- 
partment of Apurimac, Peru—a 
mountainous district approxi- 
mately 150 kilometres south west 
of the city of Cuzco. The con- 
tract for the equipment of this 
mine, involving a 150-ton plant 


to crush, grind and _ cyanide 
gold ore, and precipitate the 
gold-bearing solutions derived 


Fig. 2. 
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In the previous issue of the 
G.E.C. Journal (Vol. VIII, No. 
1, February, 1937) an article was 
published describing gold mining 
methods as practiced on _ the 
Witwatersrand, South Africa, the 
principal gold mining area of the 
world. 

It is felt that a short descrip- 
iton of a new gold mine situated 
in an almost inaccessible locality 
on top of the Andes in Peru is of 
sufficient contrast to be of interest. 
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One of the transport aeroplanes loaded with mining equipment 


flying between the peaks of the Andes mountains. 





from the ore by treatment, was 

awarded to Fraser & Chalmers 

Engineering Works, of Erith, 

Kent. The contract was placed 

by Ayf Weise, of Lima, Peru, 

consultants for the owners of 
the mine, with the approval of 

Mr. E. Torres Beton, A.I.M.E., 

Manager of the property. 

One of the most interesting 
features of the mine (fig. 1) is that 
it is situated in an almost inaccess- 
ible locality on top of the 

Andes, 12,800 ft. above sea level. 
A railway line runs within 70 miles 
of the mine from which it is separ- 
ated by a mountain track which 
can be traversed only by mule or 
llama, a journey which takes 14 
days to complete. A good load for 
one of these animals is from 250 
to 300 lbs. and as the track over 
the mountains is in places merely 
a ledge on the side of the moun- 
tains, it is impossible to negotiate 
pieces of machinery or material 
over 10ft. long, 

The transport of the whole of the 
mine equipment including buildings 
and plant weighing over 1,000 tons 
thus presented considerable difficul- 
ties. The cost and general unsuit- 
ability of sectionalizing the plant so 
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that no single piece exceeded the 
weight and dimensions indicated ren- 
dered transport by mule and llama 
impracticable. The consulting en- 
gineers therefore chartered and 
equipped two aeroplanes each capable 
of carrying a load of 2 tons. In this 
way it was possible to transport 
reasonable loads by air, the actual 
time taken being one hour as 
compared with the 14 days by 
mule, but with a cost by air of £20 
per ton as against £6 per ton by 
animal. 

The illustrations, figs. 2 and 3, 
show the mountainous country over 
which the equipment was transported 
by air. 





Fig. 5._-Some of the llamas on the mountain track near the 


The alternative method of transport over the 
mountains is seen in fig. 4, which shows part of 
the tortuous mountain track which had to be 
traversed. The landing ground at the mine is 
shown in fig. 7, in which some of the components 
of the mine equipment can be seen unloaded from 
the aeroplanes. 


TREATMENT OF ORE. 


The equipment used for the treatment of the 
gold ore is shown diagrammatically in figs. 9 and 
10. These diagrams are, respectively, a plan and 
elevation of the plant. 

The ore, after being mined is reduced in a breaker 
of the Blake type and brought into the mill on a 
belt conveyor which is provided with a travelling 
tripper to distribute the ore into the 450-ton crushed 
ore bin. The ore is crushed to a size of about 2in. 
cube and less. The bin is constructed of steel and 
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Fig. 4..-The tortuous mountain track which 
is the only means of reaching the mine by 
foot, the journey taking about 14 days. 


situated behind the stamp mill which is 
provided with 24 stamps each having a 
falling weight of 2,100 lbs. 

Water is added to the ore in the mortar 
boxes of the stamps, diluting the ore with 
approximately four to five times its weight 
of water. A small amount of mercury is 
also added to the contents of the mortar 
boxes, the mercury dissolving any free gold 
and forming an amalgam. From the mortar 
boxes the pulp—consisting of ore, water 
and amalgam—is discharged and flows over 
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»- . = copper plates which are silvered on the 


upper surface, 1 oz. of silver being applied 
per sq. ft. The mercury-gold amalgam 
adheres to the silvered copper plates which 
are periodically cleaned by scraping off the amalgam. 
The latter is then refined in a “clean-up” plant, 
which is referred to later in this description. 

In order to regain any free mercury left in the 
pulp, mercury traps are inserted at the ends of the 
silvered plates, the pulp passing from the plates into 
the traps and thence to the blanket tables. 

The blanket tables consist of an inclined table 
having a deck of timber over which a blanket of 
Linatex rubber is placed. The rubber blanket is 
provided with a special surface which catches the 
heavy concentrate of the pulp, allowing the lighter 
portions of the pulp to flow on to the Dorr 
thickeners. 

Dealing first with the lighter pulp, in order to 
ascertain its gold content, a pulp sampler is provided 
which automatically takes a portion of the pulp 
passing from the blanket tables and conveys it to the 
assay office of the mine. In the Dorr thickeners the 


mine. 
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Fig. 6.—A contrast between the two only 
means of transport—the aeroplane and 
the llama. 
bulk of the water in which the ore 
is crushed is separated out and the 
remaining matter consisting of water 
and ore in equal proportions, is 
discharged from the bottom of the 
thickener tank whence it is raised by 
means of diaphragm pumps to a 
launder, or sluice, feeding the Parral 
agitators in which the pulp is diluted 
with a cyanide solution. The dilution 
is effected in the proportion of about 
one of solids to two of solution. 
The mixture is agitated in the 
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Fig. 8.—Part of the mill building during construction, 
showing the Dorr and Parral agitators and the counter- 
current thickeners. 
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Parral agitators until the gold in 
the pulp is dissolved. It then 
passes to the first counter-current 
thickener. 

Returning to the blanket tables 
(which it will be remembered, have 
separated out the thick concentrate, 
allowing the lighter pulp to pass on 
to the Dorr thickeners) the heavy 
concentrate is removed by washing 
the rubber blanket in a steel box. 
The washed concentrate is then 
ground in a Hardinge ball mill 
which operates in a ‘‘closed circuit”’ 
with a Dorr Classifier, i.e., the dis- 
charge from the ball mill runs into 
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Fig. 7.— Unloading equipment from the 
aeroplanes at the landing ground near 
the mine. 


the classifier where a separation of 
fine and coarse material is made, 
the coarse being returned to the 
ball mill for re-grinding and the 
fine material being pumped to Dorr 
agitators. Cyanide solution is added 
to these agitators in about the same 
proportions as in the case of the 
Parral agitators, and the resultant 
pulp is then transferred to a 20ft. 
by 10 ft. Dorr agitator fitted with a 
decanting device which _ enables 
some of the rich gold solution to 
be drawn off for precipitation. The 
remainder of the material in this 
tank then joins the pulp issuing 
from the Parral agitators and the 
combined mixtures flow to the Dorr 
counter current thickeners. 
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Fig. 9.-General arrangement plan of the milling and cyanide plant. 
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Fig. 10.—Sectional arrangement of the milling and cyanide plant. 


'} 
1 
“ \’ PARRAL | 


/ AGITATOR: 

















May, 1937 





THICKENER 





THICKENER 














d 


GOLD MINING IN PERU 135 


There are four of these thickeners arranged in 
series. The heavy or sandy portion of the incoming 
material is discharged continually from the bottom 
of each of the thickeners and is raised by pump into 
the thickener immediately preceding it. The pulp 
eventually discharged from the bottom of the last 
thickener is conveyed by pump to the tailings dump. 

The overflow from the counter current thickeners 
passes to a large tank, known as the “pregnant 
solution” tank. It also contains the gold solutions 
from the Parral agitators. These united solutions 
next pass to the “gold tank’’ which is provided with 
a filter bottom through which the solution is filtered 
and the coarse solids in suspension retained. The 
filtered solution is then pumped through a clarifying 
press to remove further solids and the clean solution 
is drawn into a vacuum receiver. Zinc powder is 
then added which has the effect of precipitating the 
gold from the solution. The mixture of solution and 
zinc powder is kept in agitation in a vacuum leaf 
filter tank and a vacuum pump draws the solution 
through the filter leaves on which the precipitated 
gold is deposited. As soon as sufficient gold has 
been deposited on the filter leaves, the vacuum is 
destroyed, and after withdrawing the solution from 
the tank, the gold deposit is removed and conveyed 
to a draining tank. As much moisture as possible is 
withdrawn from the draining tank before the gold 
sludge is dried preparatory to smelting. 

The solution drawn through the vacuum leaf 
filter is known as “‘barren solution”’ and is transferred 
to a separate tank for further use. 

The mercury-gold amalgam obtained at the 
beginning of the process is also refined at the mine. 
The amalgam is placed in a press in which any free 
mercury is recovered. The remaining sponge of 





Fig. 11.—-Gold produced from the mine. 


gold is charged into a retort furnace where the 
mercury part of the amalgam is volatized and 
condensed. The remaining gold is transferred to a 
crucible in which it is mixed with the necessary 
fluxes and smelted for bullion. 

Some of the gold obtained by these processes 1s 
illustrated in fig. 11. 

In conclusion, the author wishes to acknowledge 
the excellent photographs both of the mine and the 
transport of the equipment which were taken by the 
consulting engineers, Ayf Weise of Lima. 





Fig. 12. An aeroplane taking off from the landing ground near the mine. 





136 G.E.C. JOURNAL 





May, 1937 


Uniformity as the Gauge of Quality 


By CLIFFORD C. PATERSON, O.B.E., M.Inst.C.E., M.1.E.E. 


Director of the Research Laboratories of The General Electric Co., Ltd., Wembley, England. 


OST things in the world 
of Nature appear to teach 
us that non-uniformity is 

in the natural order of things. Is 
not man himself most diverse in 
his appearance, his tastes, his 
accomplishments, and his intelli- 
gence? We shrink, in fact, with 
horror from the idea of a world in 
which we should meet always 
uniform replicas of ourselves. 
The charm of the world around 
us is in its diversity of culture, in 
the variety of its mountains and 
valleys, its storm, and its peaceful 
calm. Our senses of touch, of 
sight, and hearing, are designed 
to respond to stimulations which 
are anything but uniform—they cover, in fact, 
enormous ranges.. Except, perhaps, for such 
things as the air we breathe, the water we drink, 
and the direction and force of our fall when we 
commit ourselves to the tender mercies of gravity, 
there is a remarkable absence of any obvious 
uniformity in nature. Does not our sympathy or 
interest usually go out to the thing which breaks the 
record—the highest mountain, the deepest sea, the 
swiftest horse, the smallest dwarf, or the strongest 
man? We have been brought up to admire 
extremes and to take the least interest of all in means 
and mediocrity. This very word ‘‘mediocrity’’ has a 
contemptible quality about it. Does not Samson live 
eternally because, in common with the overgrown 
vegetable at a flower show, he excels in one quality 
only? Character, intelligence, and every other 
desirable quality, can be neglected. We are thrilled 
by the exaggeration of the one quality of strength. 

I am merely calling your attention to this in order 
to suggest a possible reason why the study and 
achievement of uniformity seems so often to be 
regarded as a distasteful, and even unnatural, pursuit. 
The simple mathematics and conceptions governing 
the subject are foreign to the vast majority of man- 
kind. Were it otherwise, I venture to think that 
their outlook and judgments in a thousand everyday 
matters might be marked by intelligence instead of 
sophistry. 

So I have chosen the subject this evening, and 
have tried to introduce it with challenging, if some- 
what exaggerated, suggestions, because I am con- 
vinced that engineers, and even electrical engineers, 
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This lecture was delivered be- 
fore the Meter and Instrument 
section of The Institution of Elec- 
trical Engineers. Init the author 
makes a strong appeal for a better 
understanding of the importance 
of uniformity in the characteristics 
of manufactured articles. Too 
much emphasis, he maintains, 1s 
placed on one or two desirable 
characteristics at the expense of 
non-uniformity in these as well 
as in other characteristics. 


“Uniformity,” he 
“is the best yardstick for the 
quality of a product.”’ 


he_ concludes, 
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constantly tolerate the habit of 
concentrating attention on one 
(maybe very desirable) feature of 
a product, and are blind to the 
much greater virtues of uniformity. 
Sometimes it is obvious to the 
engineer that uniformity is neces- 
sary, but even then he constantly 
takes its achievement for granted 
as if it were an easy and automatic 
thing to come by, instead of 
requiring, as a rule, genius of a 
special kind and of a very high 
order in its accomplishment and 
appraisement. 

For do we not devise schemes 
for the type-testing of appliances 
in respect of their design and 
construction, but forget or ignore the problem of 
ensuring that the general product as supplied to the 
public is within reasonable and known limits of the 
type-tested article? You may remind me of British 
Standard Specifications and their requirements as 
regards tolerances and performance. True, but so 
often these specifications merely lay down minimum 
requirements as regards characteristics. How many 
of them purport to give the guidance necessary to 
ensure that the product as a whole conforms and 
continues to conform throughout practical use? If 
they give directions as to selection or sampling it 
nearly always has relation to a purchased consign- 
ment. But we ought to be concerned with the 
behaviour in service of the whole product supplied 
to the public or the user, and not just with that of 
the average product. It is likely to be of little 
comfort to the housewife whose boiling-plate is 
underrated and whose breakfast is thereby delayed, 
to be told that the average boiling-plate does the 
work much quicker. We need to know the answer 
to the obvious question this housewife will ask. 
Why is her hotplate so far from the average, and 
what are the chances of her having another one 
which is also not normal ? 

You may suggest to me with some appearance of 
reason that these are questions for the manufacturer, 
and that he only can be responsible for determining 
and controlling the variability of performance of his 
product. But that would be but half true, and a 
false view. The manufacturer is wonderfully 


sensitive to what is demanded by the purchaser. 
Those who handle a product and superintend its 
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sale to, and use by, the public can do something 
more than take its uniformity for granted. If they 
cannot test it there ought to be other means of 
judging if the manufacturer knows all he should 
about the variability of his own product. Further- 
more, if we were only considering articles like 
paints or fabrics or thermometers it might be right 
to suggest that the manufacturer is the only person 
responsible for performance. But we in the electrical 
industry are in the almost unique position of seriously 
affecting the performance of a given product by the 
conditions of supply upon which we operate it. 

A modern electric cooker which has been designed 
to reach a temperature of 450°F. in 25 minutes will 
take on the average 28} minutes to reach this 
temperature if the voltage supplied to it is 6 per cent 
down. The operation of heating the oven then costs 
the user 14 per cent more in time. Or if the 
voltage is high it will save him the same amount. 

A lighting installation on which the voltage is 6 
per cent down or up will be 20 per cent below or 
above its designed illumination. Boiling-plates which 
are constantly 6 per cent overrun will be liable to 
have lives reduced to 66 per cent of normal. 

We may not regard these effects as serious if they 
represent extreme variations. But these variations, 
even if they are the extremes, do not operate alone. 
They are superposed upon an inevitable manu- 
facturing tolerance for each article, and this, with 
all the skill in the world, cannot be reduced 
to zero. 

The Electrical Research Association has recently 
published the report' of a committee which has done 
useful work in collecting precise data for the extent 
of the change in performance of different appliances 
for different degrees of voltage change, and has made 
an effort to correlate these changes with the variations 
of voltage of typical supply systems when under the 
conditions of load prevailing at the time such 
appliances would be in use. Fig. 1, taken from the 
report, shows the distribution of voltage at con- 
Sumers’ terminals with time, for one of the distribu- 
tion systems investigated. Such a study is, in most 
instances, all that can be achieved at present; but 
it does not take us far in appraising the position, for 
here again we find ourselves dealing with what are 
assumed to be the extreme cases. The E.R.A. 
report pictures the maximum voltage variation 
operating on the appliance having the maximum 
permissible manufacturing tolerance. That obviously 
occurs only very occasionally, and we are a long way 
off from obtaining a picture of the kind of service 
yielded by the total product combined with the 
supply in question. We are thus brought imme- 
diately up against the way in which variations are 
distributed about the mean value both of the product 


1 “Voltage Variation at Consumers’ Terminals” (E.R.A. Report Z/T 41) by 
Ii. B. Wedmore and W, S. Flight. (See Journal I.E.k., 1935, vol. 76, p. 685), 


and of the voltage supply, and the problem of 
combining them. 

This latter is not, however, the side of the 
subject upon which I wish to dwell this evening. 
We can agree right away that, whilst we might learn 
much from such a study, there is only one road to 
improvement, that is, to examine the variations 
both of the product and of the supply, and from 
such study to reduce these variations to the lowest 
reasonable minimum. In other words we must aim 
at uniformity. 

I have said that we are too apt to judge a product 
by a single desirable characteristic and to ignore the 
virtue of uniformity in this as well as in other 
characteristics. Perhaps I should state my case 
better if I urged that we should do well with most 
products to consider firstly uniformity and, only 
after that is assured, to seek special excellence in 
some one characteristic. 
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Fig. 1.—-Voltage distribution with time. Average of 
various consumers at different parts of the system. 

* The probability curve is derived from the experimental curve, and shows the 


true underlying voltage distribution which would be obtained if a great number 
of voltage records were taken and the voltage steps were very small. 


Let us consider certain typical products and 
some factors in their development in order to see 
what we can learn from them. 

I naturally tend to look at these first from the 
manufacturing point of view. I have watched the 
prosecution of some extraordinarily interesting attacks 
on different products with a view to improving 
uniformity. It may be because I have seen both the 
direct and indirect benefit of such efforts that I may 
at first appear to you over-enthusiastic about 
uniformity. 


UNIFORMITY IN GLASS. 


The manufacture of glass for use in industrial 
products only 15 or 20 years ago was an art, or 
rather a mystery, of the craftsman in the glass works. 
Its properties were unmeasured and its composition 
a secret. The old glass-maker knew how to get his 
product to look clear and brilliant and just sufficiently 
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tough for everyday purposes It was appraised 
largely on appearance—admittedly an important 
quality. If he had complaints as to “‘hardness’’ or 
“softness’”’ or as to “dimming’’ when heated, he 
would often attempt to correct the defect, although 
the correction of a defect often introduced another. 
To those of us who lived and worked with this 
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Fig. 2. Test data for breaking strain of glass tubing 
(approx. 10,000 tests). 


material 15 years ago and tried to handle industrial 
processes which depended on it, it is not surprising 
that when used, for instance, in making lamps the 
breakage was so high that we accustomed ourselves 
to using 150 bulbs for every 100 sound lamps made. 
The trouble appeared at first sight to be brittleness, 
and every effort was made to secure a glass which 
would withstand heating and cooling and such like 
rough usage. Many glass compositions and treat- 
ments were tried, but the glass would never come 
up to the requirements of the lamp factory. It is 
easy now to look back on our struggles with this 
mysterious material whose characteristics at that time 
were looked upon as a sort of “‘act of God,” and 
to think how blind we were. We decided that it 
must be mastered as everything else in engineering 
could be mastered. The automatic machinery in the 
lamp factory which heated and cut and moulded 
and sealed the glass could only work really auto- 
matically if the glass supplied to it was uniform in 
almost all its properties, i.e., softening point, working 
range, expansion coefficient, dimensional thickness 
mechanical strength, and so forth. We felt that if 
only we could secure uniformity we would put up 
with certain characteristics being less favourable. 
That policy was ultimately our salvation. Years of 
experiment followed, with elaborate programmes of 
trials checked up with an eye to statistical considera- 
tions. For example, fig. 2 shows the results of an 
investigation into the mechanical strength of glass 
tubing in which about 10,000 samples were measured. 
To-day the machine operations are carried through 
in one-fifth the original time, and the factory would 
institute a court martial if for any period more than 
104 bulbs were used per 100 good lamps. Uniformity 
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was made the first and main desideratum and has 
remained so ever since. But as a result, and only 
as a result of this outlook, the glass-makers have 
learnt how to obtain advances in individual charac- 
teristics which, given the fundamental uniformity 
are most beneficial. Sometimes they are the key to 
new products. 


UNIFORMITY IN PRIMARY BATTERIES. 


Primary batteries are manufactured by the 
million. It is easy to make bad batteries, and cells 
which become defective a few weeks after completion. 
The number of causes which are ready to assist you 
in this is extraordinary. When cells were only used 
in ones and twos for torches and the like a limited 
measure of uniformity was sufficient. If 1 or 2 per 
cent of the product went wrong in the consumer’s 
hands this was only to be expected and could be 
dealt with. Cells were appraised on their initial 
voltage or on the magnitude of their short circuit 
currents, and manufacturers actually competed with 
each other to excel in one or other of these idiotic 
qualities. In this case circumstances, rather than the 
common sense of the purchaser, forced attention to 
uniformity and showed the folly of previous criteria. 

If on the average 1 per cent of a product is 
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Fig. 3.—-Primary batteries. 


(4) Non-uniform manufacture coefficient of variation 40 per cent. 
(6) Uniform manufacture ; coefficient of variation 5 per cent. 


defective, it is easy to see that when cells are con- 
nected in series in batteries containing, for example, 
100 cells, an even distribution of 1 per cent of faulty 
cells would render the whole production faulty. 

In order, therefore, to ensure that the proportion 
of returns for a fault such as broken connections 
shall fall as low as, say 0.4 per cent in batteries of 
100 cells (which have 200 soldered joints) a battery 
factory must see that not more than one join in 
50,000 is formed in such a way that it breaks in 
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transit. As regards uniformity of the individual cells 
from an electrical point of view, the uniformity has 
been improved to such an extent that faulty cells 
are of the order of 5 per million. 

In other battery problems, such as the ability of 
a batch of cells to withstand artificially reproduced 
tropical climates, the uniformity of the product 
must be ascertained before any true comparison can 
be made between one maker and another or between 
one modification and another. In the example 
shown in fig. 3 the vertical columns represent the 
output of individual cells, after varying periods of 
storage at a tropical temperature, the complete 
horizontal scale representing 6 months’ storage. It 
is quite clear that the product shown in the upper 
part of the diagram is so irregular compared with 
that in the lower that no definite figure for 
deterioration can be given. No efforts to improve 
the average characteristics of a product of such 
variability could be satisfactorily tested until first 
the variations themselves had been eliminated. 
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signals. As my colleague Mr. B. P. Dudding 
remarks”, “‘as a result the industry had been in the 
continual ferment of rapid change in design. The 
variation in this goodness factor and in other 
properties of valves has tended to be neglected, 
although this variation may be a source of difficulty 
when valves are used in a multi-valve set, and 
particularly when replacing from stock a valve which 
has finished its normal service. It can be argued 
first that if the industry as a whole had given more 
attention to the uniformity of the characteristics of 
valves, rather than straining for a high value of 
performance in one particular, the technical staffs in 
valve manufacture would have spent their time 
more efficiently and would to-day be in a better 
position to introduce new developments cheaply and 
quickly. It is also likely that costs of production 
would have been at the same time materially 
reduced.”” The trouble has been that the users of 
valves, in the same way as the users of batteries, 
have seized on the one characteristic offered to them 

which can be easily measured, and this 
_| , has become exaggerated far beyond its 





i 
rEAN 
VALUE 


DISTRIBUTION FREQUENCY 








| 
| 
wd | 
| 
| 
l 





























+ 7 
4-5 5-0 


| ul if 
ta 
6-0 . 


intrinsic importance, much to the detriment 
| of the product and of the industry. In 
| practice it is found that, owing to the lack 
| of uniformity in the valve products as 
manufactured, it has been necessary to 
| use the valves under conditions which 
| give a mutual conductance far below that 
for which the valves purport to be rated, 
| in order to avoid risks of instability in the 
| set when chance brings together in a 
radio set a combination of high-limit 
| valves. As an example of this trouble we 
might notice that on what is considered 
| nowadays to be a valve of only moderate 
| mutual conductance we find that the 
manufacturing pass limits have a spread 
| of +25 per cent, but when a _high- 
, conductance valve is considered this figure 
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Fig. 4. Distribution frequency of valves of mutual conductance 
for a batch of 200 high-slope I.H.C. triode valves. 


A cursory inspection shows that the average 
output of these two products will not be so very 
different. This illustrates the danger of mere 
averages unassociated with an estimate of variability. 


UNIFORMITY IN THERMIONIC VALVES. 


In the competition between manufacturers of 
thermionic valves in this country during the past 
8 years, the whole radio industry has put in the 
foreground as the main criterion of quality the 
mutual conductance, which is the chief characteristic 
deciding the power of the valve to magnify radio 


—. may rise to 30 or 35 per cent. 
Fig. 4 shows a typical case of the 
inevitably large variations in mass _ pro- 
duction. Yet, owing to the much-beloved 
principle of competition in industry, 
manufacturers are almost helpless. Who will deny 
that some of the main difficulties (I don’t say faults) 
with A.C. sets when they have failed to work properly 
in the consumer’s hands have been due to the 
valves? Now, who 1s responsible? I venture to 
say that any valve maker left to himself would 
sacrifice somewhat on these paper characteristics for 
the sake of uniformity and resulting reliability. 

One can see from fig. 5 the lengths to which 
valve manufacturers have been driven in cutting 


2‘‘The Study of Variation in the Quality of Producis,” Proceedings of the 
Glass Convention, 1935. 
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down clearances and using very fine wires in order 
to achieve high magnification. In this magnified 
cross-section of part of the electrode system of a 
high-slope triode detector valve we have a cathode 
1-3 mm wide and 34 mm long, while the grid 
surrounding it is only 2 mm wide and is composed 
of wires of only 0-11 mm diameter. 
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life of a boiling-plate, like that of so many electrical 
appliances, is largely dependent on the temperature 
of a wire. This, in its turn, depends on many 
things such as the length and dimensions of the coil, 
the thermal conductivity of the refractory which 
surrounds it, and the contact between the two, the 
emissivity of the best radiating surfaces, and the 
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Fig. 5.—-Cathode and grid details of high-slope triode valve. 


(a) Section of cathode and grid (dimensions in mm). (6) Section XV. 


UNIFORMITY IN PHOTOELECTRIC CELLS. 


The modern high-sensitivity photoelectric cell 
depends on the influence of light on a thin film of 
cesium deposited on silver oxide. The method of 
preparation consists of first silvering and out-gassing 
the bulb, then oxidizing the silver, followed by the 
admission of cesium which reacts with the silver 
oxide. 

Even under laboratory conditions it was found 
that the sensitivity of an evacuated cell of this type 
varied over a very large range, and under manufac- 
turing conditions these variations were liable to be 
even larger. 

Now since the type of photocell I am describing 
is always employed with amplifiers capable of giving 
any degree of magnification desired, common sense 
indicates that a high sensitivity in photocells is not 
a major desideratum. On the other hand, uniformity 
of characteristics from cell to cell is really valuable 
to users by contributing towards standardization of 
the auxiliary apparatus, and so to the realization of 
a predetermined level of service. 

But history repeated itself and users of cells set 
the manufacturers to compete against each other 
merely in sensitivity—largely ignoring other charac- 
teristics, and among them that of uniformity from 
cell to cell. 

I look upon this as a good example of a recent 
product forced, for no special reason, to develop the 
wrong way. If users had demanded uniformity 
first, manufacturers would have been compelled 
initially to study materials and processes with this 
mainly in view. Subsequently, I am sure, this 
would automatically have led to greater sensitivity. 
As it was, the wide variation from unit to unit in 
the product which there was neither time nor 
incentive to correct, made it most difficult for all 
concerned even to study that increased sensitivity of 
the average product for which users were asking. 


UNIFORMITY IN BOILING-PLATES. 
I have already referred to boiling-plates. The 


mechanism of heat transfer between boiling-plate 
and vessel during normal use. 

By what does the purchaser judge a_boiling- 
plate? Usually by the time one or two specimens 
which are offered to him take to boil 3 pints of 
water—sometimes by how “red hot’’ the radiating 
surface is. But on what do speed of boiling and 
surface temperature depend? Again wire tempera- 
ture is a predominating factor. Any desired speed, 
any degree of surface brightness, can be obtained if 
only the loading, and consequently the wire tempera- 
ture, is made sufficiently high. Quick boiling is 
most desirable, and to some the psychological appeal 
of a brightly glowing element is irresistible, but the 
ultimate standard by which boiling-plates must be 
judged is consumer’s satisfaction, and the consumer 
places a very high value on reliability, consistency, 
and freedom from breakdown. 

It can be seen from fig. 6 how the boiling time, 
the wire temperature, and the life, depend on the 
loading in watts of a typical hotplate. 

Speed of boiling and appearance are quickly 
demonstrated—life can be determined only by 
prolonged testing or experience. The temptation 
therefore is to sacrifice the obscure for that which 
is readily demonstrable. It appears to me to be the 
function of those of us who in effect act as trustees 
for the consumers, to look beyond the obvious and 
make sure that this temptation has been resisted. 

Again, just as with the individual boiling-plate a 
high standard, from all points of view, is of greater 
value than exceptional brilliance in any one direction, 
so uniformity between the individuals of the mass 
product, both initially and throughout life, is clearly 
the correct objective at which to aim. The value of 
an article must be assessed on the basis of the service 
given to the community as a whole, rather than in 
that rendered to a single user. It is always well to 


remember that if the spread about the mean be 
large the dissatisfied users will always be more vocal 
than those whose experience is exceptionally good. 
The loss of good will resulting from the failure of 
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ten boiling-plates at one half of mean life is much 
greater than the gain resulting from a much greater 
number of survivals at twice normal life. Further- 
more, the deficiency in the one case is apparent in 
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Fig. 6. Relation between the loading of an 8-in. dia. 
hotplate and 


(a) Boiling time for 3 pints of water from cold. 
(b) Maximum wire temperature. 
(c) Life. 


one-quarter of the time required to establish the 
exceptional merit in the second. 

In fig. 7 is shown a typical survivor curve for 
hot-plates (and here there is no observation omitted 
on the score that it was due to a defect which was 
known to be accidental—an all-too-common practice 
on the part of the too-sympathetic scrutinizer of test 
results !), Early or premature failures are some of 
the most difficult to eradicate in any product, if only 
because there are so few of them — 


to work upon in an investigation. as 


UNIFORMITY IN METALS AND » = 
ALLOYS. —_ 
Metals and alloys are amongst & - 
the oldest manufactured products. . 
Their history is instructive, for » ~ 
until recently their progress towards § *° 
uniformity has been slow, and there 2 0 
is still much ground to cover. It * ,, 


always seems to me that the industry 
has suffered because the manufac- 
turer of the metal has, generally 
speaking, not been the user of it. 
Where, however, the manufacturer 


of the metal has also had a vital interest in 
making its characteristics fit the uses required 
of it, things have gone more quickly, and in these 
cases highly controlled processes have led to a 
commendable uniformity of performance. But, 
generally speaking, manufacture has evolved by the 
laborious process of impressing requirements on it 
from outside. 

In the case of steels it was recognized very early 
that the chemical composition had a great effect on 
mechanical properties, and early specifications laid 
great stress on composition—the presence of so 
much carbon or the absence of phosphorus and 
sulphur. Even now, because it is easy to test for, 
composition is often the only characteristic insisted 
on. 

It was next found that the properties of the 
finished product depended on the heat treatment. 
In order, therefore, to ensure that this was properly 
controlled, specifications included measurements of 
the mechanical properties of elongation, yield-point, 
and tensile strength. This was the period when high 
tensile strength was the chief desideratum held before 
the manufacturer. 

But it was soon found by sad experience that this 
could be overdone. When subjected to vibration or 
alternating stress, non-uniformity occurred even in 
material which met the specifications—and fatigue 
failures in practice showed that manufacture was 
still not effectively controlled. 

Now here are 100 years or more of manufacture 
in which, broadly speaking, the manufacturer has 
controlled his processes just as much as he was 
compelled to admit, by the work of chemists and 
metallurgists, was necessary for securing what 
appeared to be a reasonable or minimum measure 
of uniformity. What would have been the course of 
events, I wonder, if the manufacturer had said 
this :—‘“‘I am trying to make a product whose 
characteristics must be very sensitive to the way I 
manufacture. I must therefore control every stage 
and know its effect—composition, temperature, work, 
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Fig. 7..-Survivor curve for 8-in. dia. hotplates. 
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heat treatment, etc. Every addition to my technique 
of control may prove a gold mine, and every new 
characteristic of which I can study the uniformity 
may prove a signpost to further success.” 

I am not going to answer my question. I only 
want to suggest that uniformity achieved in this way 
would undoubtedly result in high quality, and so 
would be a measure of the quality of the product. 
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(a) Normal distribution or frequency-of-occurrence curve. 
(b) Integral of (a) or survivor curve. 


There are some more modern products in which 
for one reason or another the manufacturer of a 
metal or alloy has had such an insight into its 
behaviour in use and such a strong incentive, that 
the above condition almost prevails. And the results 
are extraordinary. For instance, probably no metal 
product is more uniform in its behaviour than the 
modern tungsten filament—and probably no metal 
or alloy has such exacting demands made upon it, 
or, on the face of it, is so troublesome to master. 
There is no single simple test that proves the product 
to be uniform. The uniformity of life test under 
service conditions is the ultimate proof that the 
important features of the manufacturing process are, 
in fact, understood and controlled. I mention this 
example because I am personally familiar with it, 
but I can think of others in which I can hardly 
believe that the same considerations do not obtain. 
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HOW UNIFORMITY LEADS TO IMPROVEMENT IN 
PRODUCTION. 


In all these products this urge to achieve 
uniformity has in fact been the highway to general 
improvement of the product. I wonder if those not 
engaged in manufacture and industrial research can 
realize how important is this urge to uniformity in 
improving the quality of the product, and how it 
changes the mental outlook of those who supervise 
factory processes. I am not now urging the quest of 
uniformity merely on this account. The direct 
results of uniformity are a desirable end in them- 
selves. But it is a reward for those who really seek 
and achieve uniformity to find the path dotted with 
signposts pointing the way to improved characteristics 
and performance. 

I will not quote more examples to illustrate my 
point, anyway for the present. The principles I am 
urging seem so obvious that if I had not had so 
much experience of lethargy on the subject amongst 
able and intelligent people, I should be ashamed to 
do more than just take your acceptance of these 
principles for granted. But the subject is often 
slipped :— 

(a) because the user feels it is the business of the 
manufacturer, and, even when he inquires, 
the manufacturer seldom seems to have any 
data ; 

(b) because the manufacturer finds that the user 
is not prepared to give him credit for any 
pains he may take to secure high uniformity ; 

(c) because his technical people find the task of 
bringing a product to the state of maximum 
possible uniformity very difficult and rather 
dull; and 

(d) because often the management is not convinced 
that the effort and cost of achieving uni- 
formity will be repaid either technically or 
commercially. 


But the user and the more enlightened non- 
producing engineer can often help, by ways direct 
and indirect, to influence this issue. On British 
Standards Institution and similar committees, in 
purchasing specifications, by the demands he makes 
on manufacturers, he can make a point of demon- 
strating how an intelligent attention to uniformity is 
more important than the perfection of some single 
traditional characteristic. Sometimes he might even 
try to reward the manufacturer who diligently and 
intelligently seeks after uniformity, by giving him 
credit for his efforts and a preference in purchase ! 

Realizing the importance of this subject, several 
workers in manufacturing industries have, in recent 
years, made uniformity of product the subject of 
elaborate study and thoughtful writing. A pioneer 
in the subject was Dr. Shewhart of the Bell 
Laboratories of New York, whose book ‘Economic 
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Control of Quality of Manufactured Product’ 
describes the quest of uniformity throughout the 
telephone industry, and the statistical methods used 
in its study. 

In this country the first co-ordinated effort was 
made under the auspices of the British Standards 
Institution to render the subject sufficiently definite 
and practical to be appreciated by engineers, and 
particularly those responsible for prescribing 
tolerances and testing procedure for specification 
purposes. A group of able enthusiasts with a 
knowledge of statistical principles, under the chair- 
manship of Mr. Wilsdon, have just spent two years 
in meetings and hard spade-work studying practical 
examples of products, the variation of their charac- 
teristics, and the validity of statistical theory when 
applied to them. The result of their work is an 
excellent report just published by the B.S.I.°—an 
introduction to the application of statistical methods 
to the appraisement of industrial products. It is a 
report for engineers in which a prior knowledge of 
statistical conceptions is not required. 

One statistical conception has already found its 
way into a British Standard Specification—that of 
‘standard deviation’ or, closely allied to it, the 
‘‘coefficient of variation.”’ Just as such conceptions 
as logarithmic decrement, rectangular co-ordinates, 
percentages, and the like, form a part of your and 
my normal intellectual equipment, so ‘“‘standard 
deviation’’ could well form an automatic part of our 
everyday thought and discussion. 


THE APPRAISEMENT OF UNIFORMITY. 


I hope you will forgive me if I remind you of 
the meaning of standard deviation and one or two 
other terms. ‘‘Deviation’”’ is the term used for the 
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Fig. 9.-Distribution of heights of male population. 


amount by which any individual of a group differs in 
some particular from the mean of the whole group. 

It is very usual to find that in any group the 
amounts of the deviations of the individuals vary in 


3 ‘The Application of Statistical Methods to Industrial Standardization and 
Quality Control,” by E. S. Pearson, D.Sc. B.S.1. Publication No. 600— 1935 


accordance with a “‘normal curve’ (or Gaussian 
distribution) ; a typical case is shown in the upper 
curve of fig. 8. 

Fig. 9 shows how closely the distribution of 
people’s heights is fitted by a normal curve. 

In most ordinary manufactured products which 
are free from causes of gross irregularity it is a good 
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Fig. 10.._-Normal distribution curve. 


enough approximation to assume that the normal 
factors in manufacture which tend to cause variability 
operate quite fortuitously. In such event the 
distribution of the product about the mean in 
relation to any characteristic will have the form 
approximating to this probability (or normal) curve. 

The square root of the mean of the squares of 
the deviations of all the observed values is the 
standard deviation. If applied to a distribution 
curve of this normal form it means, in language 
more easily understood by the man in the street, 
that two-thirds of the product is within + or — 
whatever the standard deviation turns out to be, 
95 per cent of the product falls within + or — twice 
the standard deviation and 99-7 per cent within 
+ or — three times the standard deviation, as 
illustrated in fig. 10. 

If we cultivate the habit of appraising the 
variability of a product or of a set of happenings by 
this very simple criterion, we are richer by having a 
yardstick for what is otherwise a very elusive 
magnitude. If, furthermore, we try to remember 
that the figures of performance which are given to 
us are so often those of one or two examples which 
have come at random out of the complete set which 
should constitute a normal probability curve, we 
shall be saved from the shame of chancing conclusions 
based on data which a lesser intelligence than ours 
should know are inadequate and therefore liable to 
lead us astray. 

Closely allied to ‘“‘standard deviation’ is the 
conception of “coefficient of variation.””’ The co- 
efficient of variation is simply the amount of the 
standard deviation expressed as a percentage of the 
mean value from which the deviation is reckoned. 

Let me take a hypothetical example. Suppose 
the curve in fig. 11 represented the incidence of 
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voltage at different consumers’ terminals on a 
230-volt system at a given period of the day. The 
curve shows that the largest number of consumers 
had voltages round about 230. A much smaller 
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Fig. 11. 


number were round about 220 or 240 volts, and 
none were less than 215 or more than 245. The 
standard deviation (from the mean value of 230) 1s 
about 5 volts, which means that two-thirds of the 
consumers had their voltages of supply between 225 
and 235, and 95 per cent had their voltages of supply 
between 220 and 240. As the standard deviation is 
5 volts we express this as a percentage of 230 and 
obtain a coefficient of variation of about 2-2 per cent. 
Thus, two-thirds of the consumers have voltages 
within 2-2 per cent of normal, whilst 5 per cent are 
outside 4-4 per cent of normal. 
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The one feature of the curve which 1s less 
definite than any other is the “range,’”’ 1.e., the 
points where the curve melts into the horizontal at 
the two extremes. 

I do not say that voltages at consumers’ terminals 
often distribute themselves as in the ‘“‘normal’’ curve 
in the figure, but if the distribution approximates to 
this curve the standard deviation and coefficient of 
variation are sufficiently true to be useful. 

I have sometimes wondered in my more idealistic 
moments whether the authorities who in the past 
have been responsible for specifying the legal limits 
of voltage variation as 4 per cent or + 6 per 
cent of the declared value could find a method of 
specification and control based on coefficient of 
variation. It would somehow seem more suited to 
the inevitable facts of electricity supply and the way 
voltage variation is distributed. But there are 
difficulties. To apply it to practical networks would 
unfortunately require the maintenance of a continual 
survey of voltage over the network in order to be 
able to draw the actual voltage distribution curve. 





SKEW CURVE 





Fig. 13.—-Skew distribution curve. 


As a fairly close approximation it is interesting 
to note that in a normal Gaussian distribution 
curve, if the range—that is to say the extreme 
variation—is + 6 per cent the coefficient of variation 
is only 2 per cent. So two-thirds of the consumers 
would have voltages within 2 per cent and 95 per 
cent within 4 per cent of the declared value (see 
fig. 12). Similarly, for a voltage range of + 4 per 
cent the corresponding percentages are 1-33 and 
2-66 respectively. I wonder how many of those 
who distribute electricity or who discuss the legal 
regulations realize theoretically how high a standard 
actual compliance with those regulations imposes on 
the undertaker who would conscientiously conform 
to them. 

However just your criticism of the impractic- 
ability of my “‘ideal’’ method for specifying voltage 
variation may be, I think we must agree that any 
study of the performance of electrical appliances or 
lamps on electrical networks must be based on these 
particular statistical quantities for expressing the 
facts—for it is the only way in which we can 
effectively appraise and evaluate the lack of uni- 
formity of such quantities. 

Lest you should urge that all this is very risky 
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because the distribution curves are frequently not 
truly normal or Gaussian, I am able to say that my 
colleague Mr. J. W. Ryde has evolved methods of 
handling data which follow other than the “‘normal,”’ 
1.e., ‘“Skew’’ distributions. 

Skewness often happens in practice, but it does 
not usually take exaggerated forms in ordinary 
industrial problems. Skewness is usually measured 
by the mean of the cubes of deviations from the 
mean, divided by the cube of the standard deviation. 
On this basis Curve A in fig. 13 has a skewness of 
unity, while the dotted normal curve has of course 
zero skewness. 

It is interesting to note characteristic examples 
of skewed distribution curves. Fig. 14 shows the 
ages of employees in a large organization in the U.S.A., 
whilst fig. 15 shows the distribution of age at death 








of males—i.e., the male mortality curve. This has 
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Fig. 14. Distribution of ages of employees in a large 


organization in the U.S.A. 


marked skewness and cannot be defined mathe- 
matically by a single expression of the standard 
form. 

Fig. 16 gives a more extreme form of skewness, 
known as the “J form.’’ (The number of petals in 
buttercups follows this form—also the number of 
flash arcs in water-cooled valves.) 

A distribution may take the “U form’”’ of fig. 17. 
It shows, for a certain city in Germany, the 
distribution of cloudiness over a period of 10 years. 

Leaving these more extreme forms of skewness 
and returning to our technique for handling more 
ordinary skew curves, we find it useful to derive the 
“integral curve.’ This curve is obtained by 
calculating the area of the distribution curve which 
lies to the right-hand side of any particular value, 
expressed as a percentage of the total area, and 
plotting this percentage against the value concerned. 
This is shown in the lower part of fig. 8. This 
integral curve is sometimes called a “survivor 
curve’’ because when the variable is the life of an 
article it shows the fraction of the original number 
surviving after any given time. These curves are 


directly related to one another, and, given one, the 
other can be derived from it. 

When dealing with life tests Ryde uses another 
form of curve which he calls a “‘susceptibility curve.” 
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Fig. 15.—Male mortality curve (distribution of age at 


death). 


It represents the susceptibility of the articles to 
failure at different times throughout their life. It is 
the proportion of those articles intact at any moment 
which fail in the next instant. A curve showing the 
rate of change of the susceptibility to failure is of 
value in studying the causes of failure of articles. 
The distribution curve of the lives of incandescent 
lamps approximates more or less closely to a 
‘“‘normal’’ curve—but that is the case with so many 
products. They have, however, an element of 
skewness and we want to deal with this rigidly if 
we can. Fig. 18 gives the distribution, the survivor, 
and the susceptibility curves, for a large batch of 
vacuum lamps made several years ago. There was 
a certain number of initial failures, shown by the 
fact that the distribution curve has its first small part 
cut off. The susceptibility curve shows that, as time 
goes on, those lamps remaining intact become 
rapidly more and more likely to fail. The rate at 
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Fig. 16. ‘‘J’’ form of distribution curve. 


I:xample :—-Flash arcs in water-cooled valves. The same type of curve is 
obtained in the case of the distribution of the number of petals in a certain 
variety of buttercup. 
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which the susceptibility to failure increases is seen 
to be slow at first and then rapid. Finally the rate 
of increase slows up, although the susceptibility 
always increases. The shapes of the curves differ in 
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Fig. 17. ‘‘U’’ form of distribution curve. Distribution 
of cloudiness at Breslau (3,653 observations over 10 

years). . 
0--completely blue sky. 
10—completely overcast sky. 


different types of lamps, but Ryde finds that most 
filament-lamp curves can be fitted closely by a 
single set of expressions, as follows :-— 


k 
Survivor curve :—P(t) “Tk De 
Distribution curve :—p(t) =b. P(t) Roce , vy 
Susceptibility to failure :-— S(t) =b} ‘poe P “ | 


You will note there are only two constants, k and 
b. Once these are known we can obtain the average 
life, the standard deviation, and the coefficient of 
variation, for these skew-distribution lamp curves. 

Fig. 19 shows three survivor curves of lamp 
products with the same average life. Curves 1 and 
2 approximate to Gaussian survivor curves. Curve 
1 is the survivor curve achieved in good modern 
lamp manufacture. No failures begin to occur until 
the product has completed half its life, as shown by 
the feature that the top part of the curve does not 
droop at all. Curve 3 is such a survivor curve as 
people probably had to put up with in the early 
days of the tungsten lamp. There were plenty of 
early failures. The particular shape of these curves 
is, you will note, the gauge of merit of the product, 
so far as life uniformity is concerned. So it becomes 
important to be able to appraise such curves in a 
correct statistical way. 

The standard deviation and coefficient of variation 
can be quickly determined by the methods I have 
referred to, and provided skewness is not extreme 
they are a correct criterion of variability because 
the + and — data on either side of the mean of the 
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distribution curve can be lumped together in 
deducing the coefficient of variation. The suscepti- 
bility curve is of special value in studying a product 
with the object of correlating some feature of the 
curve with the cause of a physical defect in the 
product. 

The “J’’ form of distribution curve fits such a 
problem as the ‘“‘mortality’’ of cups in a teashop 
where the articles are not intrinsically wearing out 
(as happens with human beings or lamps), and 
failure depends on the chance of handling and not 
on the time the articles have been in use. Ryde has 
also worked out expressions for this type of curve 
which we applied with very useful results to certain 
problems of flash arcs in rectifiers. 

I am afraid time does not permit me to go into 
further developments and applications of these 
mathematical and graphical techniques which are 
used by those who would make a serious attack on 
problems of variability of products 

I should like lastly to look at this matter from 
the point of view of its importance for British 
Standard Specifications. Often these specifications 
are for a market product for which we desire to 
prescribe a uniformity not less than a certain 
standard. 

The favourite method for those who do not 
possess very tidy ideals on the subject of variation 
and its measurement, is simply to lay down + and 
— limits which must not be exceeded. Now where 
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Fig. 18.--Incandescent filament lamps. 
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interchangeability of screw threads or plugs and 
sockets and the like is concerned, this is obviously 
a right method—in fact the only one. But inter- 
changeability of screw threads is an unusual case 
and would constitute a bad precedent. I said that 
simple + and — limits is not a very sound device. 
For with a product the individuals of which are 
liable to deviate in the manner we have just seen, if, 
because you may not be caught, you are satisfied to 
apply the limits to, say, 95 per cent of your product, 
then some 5 per cent will fall outside them. If you 
are conscientious and put your main objective 
sufficiently far inside the + and — limits to make sure 
that your whole product passes, you are at a disadvan- 
tage in relation to your less conscientious competitor. 

Faced by this difficulty the maker of rough-and- 
ready specifications is driven to set the limits 
narrow, and prescribe that a certain percentage of 
the product may fall outside them, but not more 
than this percentage. It is not usual in such cases 
to say by how much such defaulters may default. 

In view of the fact that it frequently happens 
that the objective of one manufacturer differs 
somewhat from the objective of another, but that 
nevertheless a high degree of uniformity is desired 
in any one product, is it not much more equitable 
to all concerned to specify the standard deviation or 
coefficient of variation permissible ? For this covers 
in one figure all the factors we need to control, and 
is a true figure of merit for the product. It is often 
urged that its calculation is laborious, but it can be 
demonstrated that the intelligent use of approxima- 
tions gives quick results with ample accuracy. 

We had an interesting example of this in the 
recent British Standard Specification for Lamps, 
where the product, unless very closely rated for 
candlepower and watts, will give a wide variation of 
life. The very inefficient lamp will live long and 
thereby waste the consumers’ money, and the highly 
efficient lamp will be unduly short-lived. Closeness 
of rating about a mean appropriate to the perform- 
ance of the make of lamps was therefore more 
important than a looser rating about a specified 
mean, which cannot always be hit off with the 
necessary accuracy and may not represent the best 
target for any individual manufacturer. 

It was obviously a case for specifying a close 
coefficient of variation as regards any given batch or 
make of lamps, and requiring the mean to give a 
certain minimum life. The modern lamp conform- 
ing with such specification has a very high degree 
of uniformity in efficiency and life. 


It is interesting to see from large numbers of 
actual tests on lamps how truly statistical deductions 
are not mere abstractions. They work out in 
practice, and teach us to rely implicitly upon our 
reasoning from them. 
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Types of lamp survivor curve. Average life the 
Same in each case. 


Fig. 19. 


I entitled this talk ‘Uniformity as the Gauge of 
Quality.” I would almost say: “Show me a 
uniform product and I will show you a manufacturer 
who really understands his processes.”” There are 
two kinds of manufacturing psychology. One which 
cannot apply refinements and careful manufacturing 
control because of cut market prices. The other 
which must apply refinements and controls because 
prices are so cut. The wastage and improvisations 
which are the accompaniments of variability are far 
more expensive than the knowledge and controls 
which result in uniformity. It requires a genius to 
produce uniformity, but even a politician can be an 
expert in inconsistency. The two cannot live 
together in the same factory. The factory staff 
which has learnt uniformity has not found it by 
short cuts and happy inspirations. Uniformity 
comes only by acquiring a real knowledge of 
materials and processes and the principles under- 
lying them. But the staff which has this knowledge 
and the art of using it has also that which can 
produce high quality in any other desired direction. 

So uniformity of product is an index of the 
factory staff. But is it not the factory staff which 
is at the bottom of all genuine quality and progress 
in a product? Thus, for a civilization such as ours, 
which has to operate with this curious mixture of 
rigid physical laws and the psychological empiricisms 
of human nature, I am satisfied that I have justified 
the title of my discourse that, as a general rule, 
uniformity is the best yardstick for the quality of a 
product. 
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Industrial Floodlighting. 


By S. ANDERSON, B.Sc. (Eng.). 


Illuminating Engineering Dept. of The General Electric Co., Ltd. 


T is becoming increasingly apparent that, in 
order to obtain increased speed of production 
and distribution, many of what may be called 

the “outdoor industries’—such as building con- 
struction, transport and some of the public utilities 
—are making much greater use of the hours of 
darkness than in the past. Improved methods of 
floodlighting have made this development possible. 
It is proposed in this article to review a few of 
the general considerations involved in the use of 
floodlighting, and subsequently to discuss its 
technique, both in general terms and as applied to 
some typical problems, and the type of equip- 
ment used. 

While it is a simple matter to recall an isolated 
instance of outdoor industrial lighting, some detailed 
indications of the wide variety of outdoor operations 
may be of value. 

Among public utilities one need go no further 
than the central stations of electricity supply under- 
takings to find a field for industrial floodlighting. 
The outdoor coal and ash handling plant, and in 
some cases plant associated with condenser cooling 
water requires illumination. Though seldom 
required except in emergency, the outdoor substations 
of transmission networks (fig. 10) are generally 
provided with floodlighting. 


In gasworks, the scrubber, washer and purifier 
plant and by-product plants are generally in the 
open and their operation requires illumination, while 
in some cases retorts and coke ovens (fig. 13) are in 
the open also and their charging at night again 
involves a scheme of floodlighting. 

Amongst other public utilities, waterworks, 
sewage disposal works and refuse incineration 
involve outdoor operations which call for some form 
of illumination. 

In the field of constructional work, the application 
of ficodlighting has grown rapidly during the last 
decade in this country, particularly in excavation 
and building construction. The high value of 
ground and premises in the centre of large cities has 
compelled owners or lessees to insist on demolition 
and building occupying a minimum of time, and 
contractors are making considerable use of flood- 
lighting in order to complete their work within the 
specified period. The building of bridges and even 
roads to cope with rapidly increasing traffic provide 
a further field involving work after dark in floodlit 
areas. 

In ship-building yards, some of which are once 
again finding their capacity taxed by the orders on 
hand, the illumination of large open areas plays a 
part. 





Fig. 1. Floodlighting at the railway marshalling yards of the London 
Passenger Transport Board at Cockfosters. 
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Among the production industries, it should be 
necessary only to mention such cases as colliery 
surface work, alluvial mining, quarries, masonry 
works, timber yards, brick works, paper mills and 
stock yards—in order to indicate the variety and 
number of applications for floodlighting. 

Finally, the industries of transport and distribu- 
tion involving as they do railway marshalling (fig. 1) 
and goods yards, docks and wharves, dry docks, 
dredging operations, oil stores and the roadside 
filling station (fig. 12), each provide an application 











Fig. 2..-A novel floodlighting installation showing 

floodlights which employ line filament lamps to 

give a sheet of light over the desert for protective 
purposes at depots on the Iraq pipe line. 


for exterior lighting which might well be made the 
subject of a separate article. It will be of 
interest, however, to deal in a little more detail 
with some typical problems. 


GENERAL CONSIDERATIONS. 


As the term floodlighting is frequently used 
in too wide a sense, a clear definition of its 
meaning in relation to this article will be of 
service. Industrial floodlighting, then, is_ the 
illumination of large open areas by means of 
equipment projecting the light from a distance. 

The artificial illumination of an open space can 
be accomplished in one of two ways; either by 
means of a relatively large number of small light 
sources spread more or less evenly over the area, 
or by means of a relatively small number of larger 
sources, grouped or distributed, but at greater 
intervals and not necessarily within the area, 


unless this is very large. It is clear that flood- 
lighting is included in the second alternative, and 
the comparative merits of the two methods are 
worthy of some attention. 

The illumination provided by the small units, 
though good in the immediate vicinity of each 
unit, falls off rapidly as the distance from the unit 
increases, and the diversity factor is high unless a 
close and correspondingly costly spacing of units is 
employed. In practice, diversities of the order of 
100 to 1 are not uncommon with such a system. 
To be effective and for economy, small units are 
mounted on short posts near the work being 
executed. These posts together with the over- 
head lines or ground cables necessary to feed 
the units introduce obstructions, while the presence 
of wagons or cranes near the units will throw 
heavy shadows which may obscure the work and 
even contribute to accidents. 

Dust accumulates rapidly on lighting units near 
the work and causes heavy depreciation of light 
output, involving frequent maintenance which, 
though relatively simple, is costly owing to the 
large number of points to be maintained. The 
small unit close to the work is usually somewhat 
vulnerable, and by virtue of its proximity, breakage 
of the fitting or its connections and premature lamp 
failures are not unlikely. The initial cost of the 
unit and post is small, but this is counter-balanced 
by the large number of units necessary to cover 





Fig. 3.__A colliery floodlighting installation which serves 

the double purpose of illuminating the pit head machinery 

and making a spectacular advertisement for the colliery 
at night. 
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a given area. 
is high. 

A system of large units mounted at a considerable 
height, or at a distance from the working area, to a 
large extent avoids the disadvantages mentioned and 
possesses additional merits. The illumination pro- 
vided by a well designed system of this type can, 
without involving disproportionate expenditure, 
maintain a reasonably even illumination over the 
whole working area. Diversities of the order of 5 
to 1 are obtainable. The units may be mounted on 
existing structures where available, or on a small 
number of high poles, causing little obstruction 
since they can be located in positions outside the 
immediate working area. The cabling is shortened 
and may in many cases be kept quite clear of the 
working area. In a system involving several units, 
there is normally considerable beam overlap and the 
chance of a wagon or crane casting a deep shadow 
is reduced. Depreciation of light output due to 
dust is less rapid with units high above or remote 
from the work. Maintenance may involve the 
climbing of high poles, but since these are relatively 
few, a permanent ladder is normally provided, and 
since the large units are usually totally enclosed, only 
an external cleaning of the front glass is required 
with any frequency. Large lamps are less expen- 
sive per lumen output than small ones, and 
premature failures due to breakage are far less 
likely than in the case of small lamps within the 
working area. The large unit is of robust con- 
struction, and its remoteness renders it practically 
immune from accidental breakage. Large units 
and high poles are costly, but not disproportionately 
so when the relative area covered is considered. 

Where the work involves danger due to in- 
flammable material or explosives, units remotely 
situated have obvious advantages. They also possess 
flexibility in that a change in the working area can 
frequently be made without moving the lighting 
equipment, or additional illumination can be directed 


The cable cost for such a system 
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Fig. 4.—-Curve of light distribution from a typical 
medium angle floodlight equipped with a 1,000 watt 
general service lamp. 
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same time large units can be mounted on portable 
tripods or trucks, and in such circumstances they 
again have the advantage that close proximity to the 
working area is unnecessary. Visibility in misty and 
steamy atmospheres is more general in a floodlit 
area than in one illuminated by small distributed 
units. 

It is evident that while for a small unit on a 
short post in the middle of the working area a more 
or less symmetrical distribution of light on the 
horizontal is generally satisfactory, this is not the case 
with large units projecting from a distance. In such 
a case the light must all be projected into the area to 
one side of the unit to avoid waste of light in 
unwanted directions. Floodlights for industrial use 
are designed with this end in view, and the area to 
be covered, length of projection required, together 


AXIS OF BEAM 














Fig. 5. 


with other considerations determine the type of 
floodlight most suitable. The influence of these 
considerations on the design of equipment will be 
dealt with later. 


TECHNIQUE. 


The primary consideration in the design of any 
floodlighting installation is obviously to render the 
work being executed most easily visible with the 
minimum outlay and running cost. The work, 
which may consist of the marshalling of matt black 
railway waggons or the handling of white chalk 
presents a variety of requirements from an illumina- 
tion point of view. It is unfortunate that the 
number of cases approximating to the railway 
wagons seem greatly to outnumber those similar to 
the chalk. However, visibility of detail is seldom 
required and a compromise between adequate 
visibility and economy usually determines intensities 
far below the requirements of any other field of 
illumination with the exception of street lighting. 
The illumination provided for industrial floodlighting 
normally lies in the region of 0-5 to 0-1 foot-candle. 
For quarrying light stone or chalk, the lower value 
may be adequate, but for work of a dark nature such 
as coal handling, railway wagon marshalling or steel 
construction work, the lower value is really in- 
sufficient and should be exceeded where circum- 
stances permit, 
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In the majority of illumination problems, it is 
customary to deal in terms of intensities on a 
horizontal plane of work. Here, however, we are 
dealing with an application in which the illumination 
on a vertical plane is in many cases more important 
for securing good visibility. Floodlighting from 
a distance can provide this vertical illumination 
easily, for the beams of light from floodlights, 
even when 50 feet above ground level, strike 

T 
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Fig. 6. 





the ground at an angle of only some three or 
four degrees at a distance of the order of 250 
yards. Thus the component illumination on the 
vertical plane in such a case is practically a 
maximum, and that on the horizontal very low. In 
practice, this oblique projection frequently gives 
quite satisfactory visibility by producing a bright 
background against which objects stand out in 
silhouette. The effect is most marked when the 
ground is wet, but under suitable conditions it 
occurs on a dry night, and is quite apparent in the 
illustration of the Grimsby Coal Siding, fig. 14. In 
spite of the abnormally high angle at which the 
siding is viewed in this illustration, specular reflection 
particularly from the bright surface of the rails is 
contributing largely to the visibility of the more 
distant trucks. 


to provide a given degree of illumination over the 
area rather than a given background brightness. 

The provision, for example, of 0-25 foot-candle 
average illumination necessitates the projection of 
0-25 lumen on the area for each square foot to be 
covered, and this flux must be distributed with a 
sufficient degree of uniformity to comply with the 
requirements of the work. Floodlights normally 
used for projection to a distance provide a beam of 
light which is roughly symmetrical in distribution 
about the axis of the reflector, the candle-power in 
directions near the axis being a maximum and 
decreasing as the angle to the axis increases. A 
typical candle-power distribution curve in a plane 
through the axis is given in fig. 4. It is clear that 
the useful light flux is projected within a cone having 
its apex at the light source and its axis coincident 
with that of the reflector. The angle of the cone 
is referred to as the beam angle when the illumination 
on the periphery is one-tenth of the maximum on 
any given plane at right angles to the axis. Though 
a good deal of light may be emitted in directions 
outside the beam thus defined, the low candle-power 
outside the limits of the beam renders such 
light of little value except in the vicinity of 
the unit. 

Thus, neglecting all light outside the main 
conical beam, the area illuminated on a surface at 
right angles to the direction of projection will be 
roughly circular, while on an inclined surface the 
area will be roughly elliptical, but its maximum 
width will be beyond the mid-point of the long axis. 
Fig. 5 shows an example of this common shape of 
beam cover. The major and minor axes can be 
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Fig. 7.—Typical illumination from a 1,000 watt narrow beam floodlight mounted 


100 feet above ground level and trained 10° below the horizontal. 


Diagram A shows 


the illumination on the vertical plane (broken line) and horizontal plane (full line). 
Diagram B shows iso-foot-candle lines on the horizontal. 


While this type of visibility by silhouette is of 
value in improving conditions particularly in the 
case of dark surroundings and where long projection 
is employed, in industrial floodlighting it is generally 
an incidental effect, the installation being planned 


deduced with a degree of accuracy quite sufficient for 
practical purposes given the vertical distance from 
the floodlight to the plane illuminated (H), the angle 
between the axis of the beam and the normal to the 
plane (a), and the beam angle (2/). 
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The major axis, 


L=H | tan (a + )-tan (au - s) | 


and the minor axis, 


W L y/1 - (sine) 


cos 3 
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Fig. 8.—-Floodlighted slipways at the new Grimsby fish dock. 


An expression for the area of the ellipse based 
on the same known variables is: 
cos B — cos’? 


Area = ~H” ert eT 
(cos" — sin“a): 


The illumination on the area covered by a single 
floodlight is, of course, less even than would be the 
case if the area were at right angles to the core of 
the beam. The candle-power on the inner and 
outer limits of the beam being the same, the 
illumination on the plane at right angles to these 
limiting directions is inversely proportional to the 
square of their distances from the source* (from the 
inverse square law); thus for small values of H 
and/or high values of a the illumination at the outer 
extremity of the beam will be very much smaller 
than at its inner edge. Still more pronounced is this 
difference if the vertical component only is con- 
sidered (i.e., the illumination on the horizontal). In 
practice, the outer extremity of the beam from one 
unit can frequently be arranged to overlap the inner 
end of the beam from another unit, thus decreasing 
the diversity very materially. 

The illumination (£) provided at any given point 
from a floodlight whose candle-power is J in the 
* Provided that the distances are large compared with the dimensions of the 


flashed area in the projector—i.e. regarding the floodlight as a point source 
of light. 
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direction of that point may be computed from the 


relation 
° I cos” 9 


BE HH? (See fig. 6), 


In this case E will be the illumination on a surface 
at right angles to the direction of the light. For 
the illumination on the horizontal, the expression 
becomes 
r I cos" ( 
H- 

and the values obtained in this 
manner at a given point from a 
number of floodlights can be added 
arithmetically to give the total 
illumination on the horizontal at the 
point under consideration. 

Experience has shown that, unless 
used on very high towers, the glare 
from floodlights with very narrow 
beams and high beam candle-powers 
renders them unsatisfactory for the 
great majority of industrial flood- 
lighting purposes, although their 
higher candle power enables such 
floodlights to be used at considerably 
greater distances than would be 
possible with units of lower beam 
candle-power. The units most 
generally employed for throws up 





Fig. 9._-A trawler in position under floodlights mounted 
on the coal conveyors at Grimsby. 


to 500 or 600 feet are those with a beam angle 
of the order of 25 to 30 degrees and a maximum 
beam candle-power of the order of 50,000 to 100,000 
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candles, according to the size of lamp employed. For 
throws of about 200 feet or less, a wider area can be 
covered per unit by employing a floodlight of 40 to 
50 degrees beam angle and correspondingly lower 
beam candle-power—in the region of 25,000 to 
50,000 candles. For still shorter throws, a unit 
without any great degree of candle-power concentra- 
tion and giving a spread of light over an angle 
approaching 180 degrees, is generally satisfactory. 

The effectiveness of an industrial floodlighting 
installation illuminating a horizontal area is largely 
dependent on the mounting height of the units, and 
the spacing between individual units or groups of 
units. An economic balance between the spacing of 
units and their height above ground level has there- 
fore to be established. While large areas can be 
covered from a single point if the mounting is high 
enough, the cost of the poles or towers necessary 
increases rapidly in proportion to their height. In 
America, heights of 70 to 100 feet are not uncommon 
and projections of 1,000 to 2,000 feet are claimed. 
Although these figures are approached in some 
European countries, in this country mounting heights 
of the order of 40 to 50 feet are seldom exceeded, and 
rarely more than two floodlights are accommodated 
on each pole. 

In locations where convenient high structures 
are already in existence, however, the need for 
special poles or towers to carry floodlighting equip- 
ment may be avoided. For example, the boiler 
house of a modern power station frequently rises 
from 80 to 90 feet above ground level. The roof is 
always accessible and forms an ideal emplacement for 





Fig. 11.—A floodlighted stone crushing plant. 


FLOODLIGHTING 153 





Fig. 10.—Floodlighting at a 132,000 volt grid station. 

The portable tripod-mounted unit at the bottom left- 

hand corner can be moved to any part of the station in 
case of emergency. 


floodlights covering the surrounding coal and ash 
handling plant. In the case of brickworks too, 
although access is not generally provided, the 
kilns and yards might wel! be lighted by means 
of projectors situated some way up the smoke 
stacks, thus avoiding the need for specially built 
structures and facilitating the covering of large areas 
from relatively few points. For 
colliery yards, the pithead gear struc- 
ture is frequently a suitable mounting. 


SOME PRACTICAL APPLICATIONS. 
Railway Marshalling yards. 

In railway marshalling yards high 
buildings seldom exist, though the 
gable ends of train sheds are some- 
times made use of for mounting 
floodlights. For such locations, how- 
ever, posts of wood and structures 
of re-inforced concrete or lattice steel 
supporting the floodlights at a height 
of about 40 feet have become fairly 
general practice in this country. 
Each unit accommodates a 500 or 
1,000 watt general service lamp, the 
former size being the more common. 

The units are grouped in lines 
running transversely across the tracks, 
the spacing between adjacent (facing) 
lines of units being of the order of 
700 to 800 feet for 500 watt floods 
or 1,000 to 1,200 feet for 1,000 
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watt floodlights. The best results 
are usually obtained under these 
conditions when the floodlights are 
trained so that the core of the beam 
strikes the ground at or somewhat 
beyond mid-span. With a beam angle 
of 28 to 30 degrees, it is evident that 
some light will be projected in 
directions above the horizontal with | 
floodlights so trained. To employ —— 
this light usefully, visors as shown 
in fig. 17 are generally employed. 
These deflect the upper portion of 
the beam, and provide useful illum- 
ination round the foot of the pole, 
which would otherwise be practically 
unilluminated. 

In marshalling yard lighting, it 
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Fig. 12.—-Application of floodlighting to the motor car industry for 
illuminating, petrol pumps and service areas. 


is important to avoid deep shadows between rolling 
stock on adjacent roads, and this necessitates a 
fairly close spacing of floodlights across the tracks. 
About 50 feet, representing the width of three 
to four roads, is considered a maximum spacing 
with mounting heights of the order of 40 feet. 
Closer spacings can be employed with advantage 
where circumstances permit. 

All but the smallest marshalling yards are 
considerably greater in length than the maximum 
permissible throw of floodlights on 40 foot posts, so 
that it becomes necessary to employ transverse lines 
of poles situated at suitable intervals along the length 
of the yard. Each pole in lines other than the 
terminal lines, can conveniently accommodate two 
projectors trained in opposite directions, thus 
reducing the number of poles required to cover a 
given area and the time involved in maintenance 
and re-lamping. Access is usually obtained by 
means of a permanent iron ladder, and the flood- 
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Fig. 13.—Coke ovens at the Barrow 
Barnes Colliery, near Barnsley, Yorks, 
illuminated by floodlights. 


lights are accommodated on a small 
platform capping the pole. 

Floodlighting in both directions 
along the yard as described 1s par- 
ticularly suitable when marshalling 
Operations are carried out in both 
directions. There are, however, cases 
such as the “‘hump-back’”’ system 
where there is one principal direction 
in which good visibility is required. 
In order to avoid glare it may be 
better to train all floodlights in the 
direction in which the maximum 
visibility is required. For a given 
diversity, such a system would, of 
course, involve a shorter span between the lines 
of units, but the complete absence of glare in 
the important direction may improve visibility 
sufficiently to render a somewhat lower minimum 
value of illumination permissible than with a two- 
directional system of floodlighting. 

In planning a marshalling yard installation, 
factors peculiar to the yard in question may render 
generalisations of little value, but it may be of interest 
to record that 0-1 to 0-3 beam lumen is commonly 
recommended per square foot of yard area. With 
well designed equipment about 9 beam lumens per 
watt are provided, so that a rough estimate of the 
power necessary for any given yard can be quickly 
obtained. 


Dock Floodlighting. 


Of the many floodlighting applications to be 
found in connection with docks, some possess 
similar characteristics to railway marshalling yards 
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while others call for quite different treatment. For 
sidings where goods are embarked and unloaded, 
and for coal sidings the conditions call for practically 
identical treatment to that for marshalling yards. 
On jetties, the presence of travelling cranes makes 
it desirable to reduce the number of lighting poles 
to a minimum, and where the length is not too great 
the whole can be illuminated quite satisfactorily by 
means of floodlights mounted on tall standards at 
each end of the jetty. An example of this application 
is shown in fig. 15. The crane driver is handling 
material over the boats or at quay level so that his 
vision is not impaired by the glare which he would 
experience if looking towards the units. 


where the danger of fire renders it particularly 
desirable to keep lighting equipment as far away 
from the danger area as possible, floodlights provide 
a most satisfactory method of achieving good 
illumination with safety. Although fittings which 
are considered safe for use within the danger area 
are available, these are necessarily heavy, relatively 
expensive, and somewhat inefficient owing to the 
safety measures which must be embodied in their 
design. Whatever precautions are taken, a scheme 
employing such equipment within the danger area 
cannot be regarded as favourably as a system of 
floodlighting where the whole of the equipment is 
situated at a distance. 





Fig. 14. General view of the Grimsby fish dock coal sidings floodlighted for night work. 


For coaling operations, good illumination is 
required on the deck and down in the hold or bunkers 
of the vessel. This is often provided by means of 
floodlights located on the high structure of the 
coaling gantry itself. The exact position for the units 
is determined by considerations of access for 
maintenance purposes, but suitable locations can 
usually be found on the cantilever arm overhanging 
the vessel, thus projecting the light almost vertically 
downwards. In a recent installation at Grimsby, 
four 500 watt floodlights each with a beam angle of 
36° are provided per arm, two near the extremity 
and two near the supporting tower, providing an 
illumination of approximately 6 foot-candles on the 
deck 60 feet below. The beams are directed so 
nearly vertically downwards that neither the opera- 
tives on the vessel nor on the coaling plant experience 
any glare. 


Oil Plants. 
For locations such as oil stores and refineries, 


Floodlights can normally be located on _ all 
sides, so that the minimum throw seldom exceeds 
the capabilities of a floodlight of medium beam 
angle. Storage tanks are usually light in colour and 
the illumination is assisted by reflection from them. 
In general, the height of the poles on which the 
floodlights are mounted is dependent on the throw 
required, but though higher poles would give better 
results, a compromise between the best illumination 
and the minimum expenditure results in a mounting 
height seldom exceeding 30 to 40 feet. For such 
heights, floodlights with a beam angle of 30 to 40 
degrees are suitable, while a wider angle unit may 
be employed at a lower height. For a store, 0-1 
beam lumen per square foot is probably adequate, 
but where refining operations are carried out this 
may usefully be increased at least to 1 beam lumen 
per square foot on the plant. 


Petrol Stations. 


In the case of roadside petrol stations (fig. 12) the 
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width of the area to be covered is generally greater than 
the depth, which seldom exceeds 30 to 40 feet. To 
cover such an area from the front, so that stray light 
from the floods does not interfere with the vision of 
drivers on the road, no great concentration of light 
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visual requirements and a high degree of illumination 
is therefore required, particularly in a neighbourhood 
where the competing illumination from shops, signs 
and street lighting is considerable. Intensities of 
from 10 to 20 foot-candles are not excessive. From 





Fig. 15.—Trawler repairs being carried out under the light of floodlights 
mounted at both ends of cach jetty. 





Fig. 16.—Floodlights placed round the oil refinery plant at the Lobitos 
Oilfields Depot enable the bulk of the lighting to be carried out from 
outside the danger area. 


is necessary. Wide angle floodlights are the most 
satisfactory both in covering the area and avoiding 
objectionable glare. Since mounting heights of the 
order of 15 feet are seldom exceeded in practice, a 
high beam candle-power would be objectionable. 
The purpose of such a floodlighting installation 
is, however, for advertisement quite as much as for 


15 to 30 lamp lumens per square foot, taking into 
account both the vertical area at the back up to the 
level of the units and the ground area, will thus be 
required. With a view to increasing the attraction 
of the petrol station, coloured floodlighting is some- 
times used, but a consideration of this treatment is 
outside the scope of the present article. 
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Quarries. 


For quarry floodlighting the area to be covered 
is large, but as it is principally in a more or less 
vertical plane the units need not be mounted at any 
great height. In order to keep the equipment well 
away from the working area, projection distances of 
several hundred feet are usual and beam angles of 
30 to 50 degrees are suitable. Work, at any one time, 
is generally confined to a section of the quarry face, 
and two or three projectors of 500 to 1,000 watts 
each are adequate to cover a normal working area. 
As the area changes, the floodlights are re-trained 
and if advantageously placed in the first instance, 
their location need rarely be altered. 

For excavation work, if the throw is fairly long, 
medium beam-spread units similar to those suggested 
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industrial work, it is proposed in conclusion to 
consider the desirable features of suitable flood- 
lighting equipment. 

There are several considerations which are 
common to all types of unit for industrial use. To 
withstand rough service over extended periods, 
floodlights must be of strong construction. Bodies 
should preferably be in cast metal of a non-rusting 
composition such as silicon aluminium alloy, or if of 
sheet metal, they should be of heavy gauge and well 
enamelled. For maximum efficiency with the 
narrow and medium beam types, the reflector must 
be of heavily silvered glass, and to ensure the 
durability of the silvering this should be backed 
with a heavy coating of lead. To avoid external 
stresses under the heating and cooling which occurs 





Fig. 17.—Type of floodlight for use under severe service conditions such as are generally met in 
industrial installations. The left-hand view shows floodlight fitted with vizor. The small illustration 
shows the appearance of the filament image on the screens when correctly focussed. 


for quarries will again be suitable, but as the work is 
more on a horizontal plane, as high mounting as is 
reasonably possible should be employed to secure 
the best results. A minimum allocation of about 
0-2 beam lumen per square foot of horizontal area is 
recommended. For short range projection, flood- 
lights of the widest distribution are suitable, and 
again a fairly high mounting is desirable if the 
number of units to cover a given area is to be kept 
toa minimum. For temporary work of this nature, 
stout scaffolding poles make very suitable floodlight 
supports where convenient emplacements are not 
otherwise available. 


EQUIPMENT. 


Having outlined typical examples of the use 
of narrow, medium and wide beam floodlights in 


in operation, the mirror should be allowed to float 
on sprung fixings. The ingress of dust should 
preferably be prevented by making the interior 
unventilated and totally enclosed by a cast or heavy 
blown front glass, well annealed to resist fracture 
under storm conditions when hot. The floodlight 
must be mounted on gimbals and trunnion to permit 
of training in any direction. Where a base is in- 
cluded, this should be a heavy casting of ample 
dimensions to ensure stability, and drilled with holes 
of ample diameter for fixing bolts. Lampholders 
must be of strong construction, with heavy contacts 
and terminals, also some device to avoid the 
possibility of the lamp becoming unscrewed due to 
vibration. 

For railway and similar work where beam angles 
of 30 degrees or less are required, the floodlights 
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should be provided with independent focussing 
adjustments in three directions at right angles. 
Visual indication on the floodlight, serviceable both 
in daylight and at night, should be provided to show 
when the correct focal adjustment has been made. 





Fig. 18.—A general utility floodlight fitted with faceted 
refiector for wide distribution for the illumination of 
quarries and similar large areas. 





Fig. 19.—-Vitreous enamelled floodlight for general utility 
purposes such as illuminating building excavations. 


The accurate focussing of a floodlight by watching 
the light patch on the ground is practically impossible, 
and it is very convenient to be able to check the 
focussing during daylight after cleaning or re-lamping. 

Sights should be provided so that the floodlight 
can be trained in daylight, or at night when the 
beam is confused with beams from other units. 
For cleaning and re-lamping it is often necessary to 
turn the body away from its trained orientation, and 
pre-set devices should be provided to ensure that it 
will be returned to its correct training by unskilled 
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labour. It is an advantage to have a stay provided 
on the front in order to hold this in an open position 
during maintenance and re-lamping operations. 
Double pole fuses should be provided on the flood- 
light so that it can be electrically isolated, and 





Fig. 20.—-Side view of marine floodlight as arranged for 
bracket mounting. 


armoured protection is desirable over that part of 
the floodlight wiring which must be flexible to 
permit training. Connections within the body which 
will be subjected to heat should be insulated with 
fish-spine steatite beads or other heat-resisting 
insulating material. A floodlight complying with 
these requirements, which is giving satisfactory 
service under railway and other exacting conditions, 
is illustrated in fig. 17. 

Floodlights of less elaborate but thoroughly 





Fig. 21.—A flameproof type of floodlight designed to take 
a 500 watt general service lamp. 


proved construction for general service are illustrated 
in figs. 18 and 19. The first is fitted with a faceted 
mirror glass reflector protected with a lead backing, 
and gives a beam angle of 40 degrees. The body is 
of heavy gauge spun sheet copper, two-directional 
focussing is provided, and the front is of blown heat 
resisting glass. The floodlight illustrated in fig. 19 
gives a very wide spread of light and is constructed 
in vitreous enamelled steel, the white interior of 
the body forming the reflector. Axial focussing is 
provided, giving some measure of light control. 
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For marine and dock use, a suitable floodlight is 
illustrated in fig. 20. The deep parabolic mirror gives 
a beam spread of 36 degrees. To resist the corrosive 
action of sea spray, the body is constructed in cast 
Alpax alloy and the front is of armourplate glass 
which withstands heavy blows without fracture. 
Axial focussing is provided and the unit is completely 
watertight in construction. 

Fig. 21 shows a floodlignt of similar beam 
characteristics but of special design rendering it 
suitable for use in explosive atmospheres. Wide 
machined joints are provided and the construction 
is sufficiently robust to withstand internal ignition 
pressures. With this end in view the reflector is 
made in polished stainless steel. This particular 
design has been certified by the Board of Trade 
(Mines Dept.), after examination at the Buxton 
Testing Station, as suitable for use in inflammable 
atmospheres except cellulose. 


LAMPS. 


In the applications mentioned, the use of special 
projector type lamps is unnecessary, since these are 
only required when very narrow beams of the order 
of 10 degrees to 20 degrees beam angle are required. 
With equipment such as has been described, the 
general service type of lamp possesses a sufficiently 
concentrated light source, and is less expensive and 
more efficient than a projector type lamp of similar 
burning life. The filament of the general service 
lamp is normally supported in such a way that for 
best service it must be used within a few degrees of 
the vertical cap upwards position. Thus, where 
floodlights are likely to be trained in directions 
involving lamp positions other than this, a general 
service lamp known as the “‘angle-burning’’ type is 
strongly recommended. This type embodies a 
modified filament support construction making it 
suitable for use at any angle. 





Floodlighting of St. George’s Chapel, Windsor Castle. 











A close-up view 
showing the wealth 
of architectural 
detail. 


The accompanying illustrations show 
further views of the floodlighting of 
St. George’s Chapel, Windsor Castle, 
illustrated in the frontispiece of this 
issue of the G.E.C. Journal. On the 
left is a view of the West Front taken 
during tests in preparation for the 
Coronation of H.M. King George VI. 
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Receivers. 


PART I. 
By D. C. ESPLEY, M.Eng., A.M.I.E.E., and G. W. EDWARDS, B.Sc., D.L.C. 


Research Laboratories of The General Electric Co., Ltd., Wembley, Ensland. 


I. INTRODUCTION. 
) mis the Television Com- 


mission, formed in May, 

1934 to consider the 
position of television as a public 
service, published its conclusions 
in January, 1935, television has 
emerged from the almost complete 
seclusion of the laboratory to the 
fore-front of public interest. 

From its survey of the 
systems available at the time the 
Commission decided that a suff- 
ciently high technical standard had 
been reached to warrant the 
construction of an experimental 
high definition transmitting station, but that this 
standard should not be less than 240 lines with 25 
frames per second as the repetition frequency. 

It was further recommended that work should be 
started immediately on a transmitting station which 
would give either a 405 line 50 frame per second, 
or a 240 line 25 frame per second transmission. 
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Fig. 1...G.E.C, combined all-wave radio and 
television receiver. 
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In the previous issue of the 
G.E.C. Journal (Volume VII1., 
No.1, February, 1937) an article 
was published outlining the funda- 
mental principles of television. In 
the accompanying article, the 
authors deal specifically with the 
design of the latest type of tele- 
vision receiver. 

Owing to the length of this 
article it has been necessary to 
divide it into Parts Iand II. The 
latter part will be published in 
the August issue of the G.E.C. 
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Work at the G.E.C. Research 
Laboratories, which had previously 
been of a general nature to 
cover as many aspects of tele- 
vision transmission and reception 
as possible, henc:cforward was 
largely concentrated on the de- 
velopment of a receiver suitable 
to deal with these forthcoming 
transmissions. 

As a result of the develop- 
ments, it was found possible to 
demonstrate a complete produc- 
tion model receiver to the 
Television Advisory Committee 
at the end of 1935. 

This receiver was the original of the two present 
types which have been made in quantities at the 
G.E.C. Telephone Works. 

The first public demonstration of television 
reception from the Alexandra Palace station was 
staged at Radiolympia, and a G.E.C. receiver was 
chosen as one of the picture reproducers. 

The following description deals with many of the 
points involved in the design of these receivers, one 
of which comprises a television receiver alone, 
(reproducing the transmitted picture with accompany- 
ing sound), while the other incorporates in addition a 
high quality, long, medium, and short wave radio 
receiver. 


Il. TRANSMITTED SIGNAL FROM ALEXANDRA 
PALACE. 

Before describing these receivers, it would 
perhaps be as well first to indicate briefly the main 
characteristics of the transmitted signal with which 
they have to deal, since this determines many of 
the details of design. 

As is well known, the complete television signal 
consists of a vision signal transmitted on a carrier of 
45 megacycles (6-67 metres) and a complementary 
sound signal on 41-5 megacycles (7-23 metres). 

The aerial powers are 3 kilowatts and 17 kilowatts 
for sound carrier unmodulated and vision carrier 
peak amplitude respectively. 

The symmetrical vertical dipole aerials have an 
optical horizon of approximately 25 miles, enclosing 
the whole of Greater London. Although no figures 
for field strength were available it was expected that 
this tegion, representing the service area of the 
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station, would be covered by a signal 
sufficiently above the extraneous noise signal 
level to provide satisfactory reception. 

Since only the 405 line transmission 
system has been continued, certain of the 
receiver components have become redundant. 
This does not, however, affect the general 
design, and details necessary for reception 
of both systems will be given. 


TYPICAL 


SIGNALS 
AT END OF 


SYNCH 


Sound Signal. 


From the point of view of the receiver 
design, the sound signal is quite normal, 
with the exception that negligible side-band 
cutting is to be expected because of the 
high carrier frequency used. 


SIGNALS 
AT END OF 
OOD FRAMES 


Vision Signal. 


The majority of the information relating 
to the vision signal is given in the 
characteristics published for the two adopted systems. 
One of these is reproduced in a slightly modified 
form in fig. 2. For the sake of completeness, the 
salient points of the type of signal will be given. 

The range of carrier amplitude is divided into 
two regions :— 

(a) that up to the level marked “‘black’’ (30 per 
cent-40 per cent of maximum). This is reserved 
for synchronizing impulses which appear as 
suppression of the carrier to zero level during their 
operation. 

(b) that between the levels “‘black’’ and ‘‘white’’ 
representing picture modulation from black to 
maximum white. 

The periods during which the carrier is suppressed 
occupy approximately 10 per cent of the line 
duration for line signals and 5 per cent of the 
frame duration for frame signals. 

The carrier is maintained for an additional period 
at the black level, providing black-out time for the 
return strokes of the scanning apparatus. The 
additional periods for line and frame are respectively 
about 5 per cent and 10-20 per cent for the 
405 line system, and 2 per cent and 3 per 
cent for the 240 line system. In the case. of 
the 405 line transmission reversed impulses of 
twice line frequency are superimposed on the L.F. 
impulse to help maintain synchronism of the line 
frequency time base during the period of the L.F. 
impulse. For satisfactory receiver operation the two 
signals, conveying synchronizing impulses and picture 
detail respectively, must always be confined to their 
correct regions, both at the transmitter and in the 
receiver. 


Band Width. 


With equal horizontal and vertical definition on 
the reproduced picture, the theoretical maximum 
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system. 


picture modulation frequency to be transmitted can 
be defined as : 


F = 3p x N* x rcycles per sec. 
where p number of complete pictures per 
second. 
N = number of lines. 
r = dimension ratio of the picture. 


Thus the calculated maximum frequencies for 
240 and 405 lines are 0-96 x 10° and 2-74 x 10° 
cycles per second respectively, corresponding with 
double sideband transmission to radio frequency band 
widths of 1-92 x 10° and 5-48 10° cycles per 
second. 

Any receiver designed to deal with the higher line 
system should in general deal more than adequately 
with the lower. 

The band width for the double sideband 405 line 
transmitter is given as 3 Mc, with a level variation 
not greater than +3 Db. 

This restriction of channel width below that 
theoretically required is a compromise between the 
optimum picture and expense of transmitting equip- 
ment. 


Ill. RECEIVER SPECIFICATION. 


From the information available, a suitable specifi- 
cation can be drawn up for the receiver. 


Band Width. 


The complexity of the receiver increases rapidly 
with the band width to be handled. In an 
optimum design it is therefore necessary to provide 
a receiver band width only just greater than that 
radiated from the transmitter. 

A band width of 3-5 Mc is suitable. 


Sensitivity. 


In the absence of precise knowledge of the 
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available signal strength, the receiver sensitivity is 
in general determined by either of two factors :— 

(a) the inherent noise level due to “‘shot’’ and 
‘‘Johnson’’ noise in the receiver itself. This is 
proportional to the square root of the band width, 
and therefore must necessarily be high compared 
with that met with in normal radio set practice ; 

(6) the average level of interfering signals in the 
frequency range used. 


SOUND LOCAL 


VISION 
CARRIER OSCILLATOR Pl 
41°5 Mc 41-95 Mc 45 Mc 


APPROXIMATE DISTRIBUTION 
OF TRANSMITTED. ENERGY 
0°45 . p=] -~, — J 
s ‘ 2 at fy ~ oe 
41 42 43 44 45 46 47 Mc 





~<——""— 3°05 Mc 











Fig. 3.—Local oscillator. Location relative to sound and 
vision carriers. 


The maximum gain is that at which the greater 
of these produces an inadmissible deterioration of 
the received picture. This can, of course, only be 
finally decided subjectively. 

Under the existing conditions, the limit is given 
by (6). The interference is almost entirely local and 
due chiefly to radiation from motor car ignition 
systems, arcing contacts in electrical machinery, etc., 
and in some cases to electromedical high frequency 
apparatus. The level of such interference is naturally 
very variable, both between different locations and 
at different times in one location. 

From these considerations, a minimum working 
signal strength of approximately 700 microvolts per 
metre can be considered entirely satisfactory with 
normal aerial arrangements. 

Signals of considerably lower strength than this 
can be utilized with a corresponding reduction in 
picture quality, but by the use of more elaborate 
types of aerial system, it is possible to obtain 
satisfactory results with considerably |, pvipo.e 
reduced signal strength, and at the 
same time to effect an improvement 
in signal to noise ratio. 























May, 1937 


local oscillator provides the heterodyning frequency 
for the two carriers. It is thus possible by tuning 
to the sound signal, as in a normal radio receiver, to 
obtain simultaneous correct tuning adjustment for 
both channels. 

The local oscillator frequency is located between 
the incoming carriers as shown in fig. 3 at 41-95 
Mc. giving sound and vision intermediate frequencies 
of 0-45 Mc and 3-05 Mc respectively. 

From the point of view of radiation interference 
with other receivers working at different inter- 
mediate frequencies, the local oscillator is situated 
at its optimum frequency, since it can never appear 
as the image of the vision carrier frequency for any 
other receiver. 

The general arrangement of the receiver is 
shown in fig. 4. Sound and vision signals, received 
on a common aerial, are first amplified by a single 
radio frequency stage and fed to a frequency 
changer, both of which provide common amplifica- 
tion for the two signals. The sound and vision 
modulated I.F. carriers are separated in the frequency 
changer anode circuit and fed to their respective 
I.F. amplifier channels. Following I.F. amplification 
the sound channel is largely of conventional design. 
The vision signal after rectification is fed to a single 
stage picture frequency amplifier supplying the 
necessary modulation voltage for the cathode ray 
tube. A separator stage feeds synchronizing 
impulses to two time bases providing the scanning 
voltages for the cathode ray tube. 

Operating voltages for all parts of the receiver 
are obtained from a power supply unit. 

For the purpose of description, the receiver can 
conveniently be divided into three parts : 

Receiver unit—sound and vision channels. 

Time base unit. 

Power supply unit. 
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General. 
. . SOUND |. F. Fo L.S 
The size of the picture should be RF. FREQUENCY C 
such as to give a viewing angle a pues 
comparable with that obtained in hina: ilemenil 
an average cinema. AQ picture size DET. OUTPUT 
of 10 x 8 inches meets this require- aii a TT taco. R. T. 
ment when viewed from 4-6 feet. SIet 
The receiver has to be usable in the hands of the 
general public, and therefore should require a witaiii 
minimum of adjustment. —_— SEPARATOR 
SUPPLY 
IV. GENERAL DESCRIPTION OF RECEIVER. ass 
The receiver channel itself is of the superhetero- 
ae. ° A Fe 
dyne type for both the vision and sound signals atk Sow 


according to the G.E.C. system in which a single 


Fig. 4..-Schematic diagram of receiver circuit, 
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A. Vision Channel. 

The vision channel consists of an R.F. amplifying 
stage followed by a frequency changer, five I.F. 
stages, signal rectifier and picture frequency output 
amplifier with synchronizing signal separator. 
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(A). Typical dipole aerial. 


of this characteristic impedance can easily be 
obtained of compact construction in the form of a 
concentric feeder, using a minimum of low loss 
insulating material. 

The feeder used for this purpose is shown in 
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(B). Transmission line and input coupling. 


Fig. 5. Aerial arrangement. 


It will be considered under the following 
sections :— 

Aerial and input circuit. 

R.F. stage and frequency changer. 

I.F. amplifier stages. 

Rectifier and picture frequency amplifier. 

Synchronizing signal separator. 


Aerial and Input Circuit. 

Owing to the relatively high level of radiated 
interference in the region of 7 metres it is an 
advantage in almost all cases to use a frequency 
selective aerial fed by a correctly matched low 
impedance line to the receiver input. 

The interference is thereby substantially limited 
to the frequency range necessary for reception, and 
as the aerial is of relatively small dimensions it can 
be situated in a position of minimum interference. 

The most satisfactory aerial of this type is the 
centre-fed dipole, shown in fig. 5, tuned by adjust- 
ment of its length to the mean sound and vision 
wavelengths. 

The impedance of this varies from a maximum 
of several thousand ohms at its ends to about 
80—100 ohms at the centre. Transmission lines 


fig. 5A and has an overall diameter of about fin., 
and is protected externally from climatic conditions 
by a layer of insulating material. The characteristic 
impedance is approximately 90 ohms, with attenua- 
tion at 45 Mc. of approximately 0-1 Db per 
metre. 

In positions of very weak signal strength, it is 
therefore possible to obtain improvement by using 
a higher aerial position provided the vertical signal 
strength gradient is greater than about 1-0 per cent 
per metre. 

At the receiver end the line is terminated in a 
step-up transformer to match it to the input circuit 
of the first valve. This transformer also serves the 
purpose of reducing the effect of any direct pickup 
on the feeder. 

Since the aerial is used to receive both sound 
and vision signals, the secondary is tuned to 44 
Mc. by the grid-earth capacity of the R.F. 
amplifier valve (pentode, MSP41) and damped 
by a terminating resistance to cover the necessary 
band width of both the sound and vision channels. 

In the case of the combined television and 
broadcast receiver, the aerial coil is centre tapped 
and connected to the aerial terminal of the broadcast 
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receiver without the use of any switches. The 
feeder line is thereby used directly as an aerial for 
the broadcast receiver without modification, see 


fig. 5(B). 


R.F. Amplifier (MSP41) and Frequency Changer 
(X41).. 


The conversion of both sound and vision incoming 
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Fig. 6.—-Initial oscillator drift. 


carriers to frequencies suitable for I.F. amplification 
is obtained by the use of a single local oscillator 
situated between the two carriers, as previously 
explained. 

The triode portion of an X.41 (triode-hexode) 
frequency changer provides the local oscillator 
frequency of about 42 Mc. The resulting difference 
frequencies of 0-45 Mc and 3-05 Mc in the 
anode circuit of the hexode, produced respectively 
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from the 41-5 Mc sound and the 45 Mc vision 
carriers, are separated by means of filters tuned to 
these mid-band frequencies. The resulting signals 
are fed to the corresponding sound and vision I.F. 
amplifiers. 

The frequency changer circuit has to meet the 
following requirements :— 


(a) Stability of oscillator frequency sufficient, 
after the short warming up period, to prevent 
the sound I.F. component drifting off its 
corresponding I.F. band, and consequently 
necessitating retuning. 


(b) The oscillator voltage to be sufficiently high 
to maintain the working point above the 
knee of the conversion conductance curve. 


(c) A tuning range of about 35 Mc to 55 Mc to 
allow for the possible provision of further 
television stations in the future. 


(d) Constancy of oscillator voltage and hence of 
frequency changer sensitivity over this tuning 
range. 


(e) A freedom from radiation such as to render 
it impossible to interfere with any receiver 
working on a neighbouring aerial using any 
available intermediate frequency. 

These requirements have been met in the 
following way :— 


(a) Oscillator Stability. 

By the use of a low loss balanced 
oscillator circuit using a high Q coil and a 
series gap low contact resistance condenser 
of rigid construction. 

The resulting frequency drift curve is 
shown in fig. 6, from which it will be seen 
that soon after switching the drift can 

be catered for by the 

H.T. width of the sound I.F. 
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$ ns channel employed. 
t SOUND I. F. 
(b), (c), (d). Oscillator Voltage, 
and Tuning Range Constancy. 
The circuit shown in 
VISION |. F. 


fig. 7 gives a maximum 
oscillator voltage of 10 volts 
and a conversion § con- 
ductance of 570 micromhos 
at 42 Mc. A tuning 
range of 35 Mc to 55 Mc 
is obtained ; the variation 
of sensitivity over this 
range being shown in 


fig. 8. 


(e). Radiation. 





( 


Fig. 7.—R.F. amplifier and frequency changer. 
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general much more serious on vision than 
on sound due to the wider frequency 
band transmitted, and to its effect on 
synchronism as well as picture definition. 

It is normally caused by difference 
frequencies produced between the local 
oscillator and the unwanted neighbouring 
radiation, or between the incoming signal 
and the neighbouring radiation, appearing 
with the required I.F. signal within the 
transmission range of the I.F. filters. 

The former is the more serious, since, 
when present, its amplitude is far greater 
than any other type. 

After the signal rectifier the beat between these 
two frequencies appears as an irregular striation, 
over the area of the picture, of frequency dependent 
on the frequency of the interfering signal. 

By the disposition of the local oscillator fre- 
quencies in the G.E.C. receivers, the most serious 
form of interference (i.e., the appearance of the 
interfering local oscillator as the image of the 
transmitter signal) is eliminated. 


TUNING RANGE WITH LIMIT STOPS 
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Fig. 8.—-X.41 sensitivity variation over tuning range. 


It is, however, considered necessary to reduce the 
radiation to such a level that no appreciable inter- 
ference could be produced, even in an aerial situated 
some few yards away and using any possible inter- 
mediate frequency. 

This result is obtained :— 

(i) by the use of a complete high conduction 

screen within the normal chassis which is 
at this point also arranged to form a 
complete second screen. This arrangement 
can be seen in fig. 9. 

(ii) by the provision of complete decoupling 
for all leads carrying R.F. at their exit from 
both screened compartments. 

(iii) by provision of a high frequency amplifier, 
acting as a buffer stage, to prevent direct 
radiation from the X.41 grid circuit. 


By these means an overall attenuation of radiation 
of about 50 Db is obtained. 

In addition to its use in reducing radiation, the 
MSP41 amplifying stage also serves the purpose 
of preventing direct pick-up at vision intermediate 
frequencies. This is important, since the pass 
range of the I.F. channel includes part of the 
medium wave broadcast band. 





Fig. 9._-View underneath sound and vision chassis with 
cover removed, showing double screening of R.F. 
oscillator. 


The R.F. stage provides a certain amount of 
gain for both sound and vision channels at a signal 
level sufficiently low to give negligible cross 
modulation. 


Vision I.F. Amplifier Stages. 

Since the majority of the amplification of the 
vision channel is obtained at intermediate frequency, 
the design of the I.F. filters largely determines the 
picture quality, and the band width is included in 
the channel specification. 


Design of Filter Units. 

The design of a filter to cover a band width of 
3-5 Mc. with an arithmetic mid-band frequency of 
only 3 Mc, at first appears to present difficulties in 
application of normal band filter design data, due to 
the variation of effective values of the filter elements 
over wide frequency ranges. 

It has been found in practice, however, that 
available data can in principle be applied to filters 
of this type, provided allowance is made for the 
distribution and effect of stray capacities. 

The gain obtainable per stage with high impe- 
dance valves, (e.g., MSP41), working with the 
relatively low loads necessitated by large band width, 
is accurately given by 


gZ, 


where g is the mutual conductance in amps/volt, and 
Z, 1s the effective anode load vector. 

The mutual conductance to capacity ratio is kept 
as high as possible by running the valve at its 
maximum cathode current rating. The MSP41 
introduced for this purpose gives a mean slope of 
about 3-5 mA per volt at the working point. 
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Z, is determined by the iterative impedance of 
the filter at midband. 

For the simple types of band pass filter suitable 
for inter-valve coupling as shown in fig. 10, the 
iterative impedances (R) are given by 


(a) Capacity coupled type 


fi 
R. 
who (fo - fi) Cz 
(6) Mutual inductance coupled type 
R wi. 
“ «(fp-fi) Ce 


Where C., is the sum of the terminating capacities 
and f, and f, are the lower and higher cut-off 
frequencies respectively. 

Thus the ratio of gains obtainable with the two 
types of filter for a fixed terminating capacity 1s 
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(©) EQUIVALENTS OF ACTUAL FILTER 


Fig. 10.—-Band pass I.F. filters. 
given by 

Rx = fe = l _ 2F 

R, hi | am a F 


where f,, is the arithmetic mean frequency and F 
the highest modulation frequency. 

When the carrier frequency is large compared 
with the maximum modulation frequency, the 
gain of the two filter types is approximately the 
same. 


In the present case, with the carrier and modula- 
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tion frequencies of comparable amplitude, the 
mutual coupled type shows an advantage, the above 
gain ratio being about 3-8. In practice, this difference 
is generally not attainable due to the capacity 
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Fig. 11... Frequency characteristic of one I.F. filter stage. 


coupling inherent in mutually coupled arrangements, 
The resultant filter is therefore a combination of 
inductive and capacity coupled types (fig. 10 C). 

Since the gain obtainable is inversely proportional 
to the total terminating capacities of the filter, these 
have naturally been kept down to a minimum. 

Due to the complex nature of the quantities 
involved, the final filter design details are best 
obtained by practical test of amplitude and phase 
distortion characteristics. 

By slightly mismatching the filter terminating 
resistances, it is possible to obtain an increase of 
band-width without appreciable phase distortion in 
the resultant picture. 

The shape of the characteristic of a single filter 
section is shown in fig. 11. 

The I.F. amplifier circuit is shown in fig. 12. 
The first valve (VMP4.G) is used to vary vision 
gain, and hence picture contrast. Six I.F. coils are 
used including the input coupling from the X.41 
anode and the output coupling unit to the signal 
rectifier. These are mounted in cans next to their 
appropriate valves. The connecting leads are thereby 
kept as short as possible. All the filters except the 
last are of similar design. 

The valve cathodes are maintained at a fixed 
potential and the grid biassed from a common supply. 


The overall frequency characteristic is shown in 
fig. 13. 


Signal Rectifier and Picture Frequency Amplifer. 
Signal Rectifier. 

Rectification of the I.F. signal is obtained by 
means of a double diode A748. Owing to the low 
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filter terminating resistance necessitated by the 
broad band width, it is difficult to obtain linear 
rectification at low signal levels. 

By the use of the A748 which is of especially 
low impedance, it is possible to reduce the initial 
curvature to a negligible value. 

The output from the two rectifier halves is 
balanced, resulting in maximum rectification 
efficiency and removal of the carrier frequency 
component from the picture signal. The second 
harmonic (6 Mc) is well outside the required picture 
frequency band, and is entirely removed in the 
following picture frequency amplifying circuits. 
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use of a D.C. amplifier circuit following the signal 
rectifier. 

The cathode of the rectifier is therefore directly 
earthed and the output rectified voltage from the 
diode taken directly through a D.C. connection to 
the N.43 picture frequency amplifier grid (fig. 14) 
so that the correct signal with its mean brightness 
is produced at this point. 


The Synchronizing Signal Separator. 

The synchronizing signals appear as part of the 
combined signal available in the output circuit of 
the N.43 picture frequency amplifier. The voltage 
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Picture Frequency Amplifier. 

The output picture frequency voltage from the 
diode rectifier is insufficient to modulate the cathode 
ray tube directly, and in the circuit shown would 
give a signal opposite in sign to that required, i.e., 
a negative picture. 

An amplifier to supply the necessary modulator 
voltage has to meet the following requirements :— 

(a) An output voltage of approximately 30 volts 

for picture signal, and 20 volts maximum for 
the synchronizing signal (240 line system). 

(b) A frequency and _ phase _ characteristic 
approximately linear up to 2 Mc. | 
Maintenance of the mean brightness level of 
the picture necessitating correct amplification 
at zero frequency. 

A small input capacity to avoid high frequency 
loss on the input circuit. 

Conditions a, 6 and d are met by the use of an 
N.43 high slope high frequency pentode, with 
compensated anode load (see fig. 14). The resulting 
high frequency characteristic is shown in fig. 15, 
and is arranged to be similar in high frequency loss 
to that produced in a single IF. filter section. 

The further requirement c has been met by the 
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(d) 
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Fig. 13..-Overall sound and vision I.F. characteristics. 


to be applied to the cathode ray tube must contain 
these signals as they provide “blacker than black’’ 
suppresion of the beam current during the flyback 
period. On the other hand, the time base control 
circuits must not have a voltage applied to them 
which is in any way characteristic of picture 
modulation. The synchronizing signals must there- 
fore be separated from the combined signal by a 
combination of amplitude and frequency discrimina- 
tion. 
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Means are provided so that when the combined 
output voltage is below a certain critical level, a 
current is passed through a unilateral device, such 
as a diode, to apply an input to two different 
frequency selective circuits associated with their 
appropriate time bases. The arrangement is shown 
in fig. 14. The operation of the circuit can be 
explained with reference to fig. 16. The anode 
current of the N43 which corresponds to zero 
carrier is fixed, and the change of grid voltage E, 
can only increase the value of anode voltage. The 
total output voltage is E, and it will be seen that if 
a bias voltage E, is provided in the anode circuit of 
the diode, then adjustment can be made so that 
current can only flow when E£, is less than E, (.e., 
for periods shown shaded in fig. 16). As signals 
according to the two transmissions have different 
values of percentage synchronization, it is found 
advisable to adjust E, to optimum by providing a 
switch S to be operated by the main receiver change- 
over switch. 

Substantially rectangular current pulses pass 
through a network including the primary windings 
of two transformers T, and T,. These transformers 
act as highly selective transmission circuits to 
supply specially shaped impulses, of the appropriate 
frequency range, to their associated time bases. 
The impulses are of such a form that the time bases 
are triggered in an extremely stable manner. 
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Fig. 14.—-Signal rectifier and output circuits. 


The low frequency transformer alone is not 
sufficient to remove all traces of components 
characteristic of the line synchronizing signal and it 
is found desirable to include a resistance capacity 
network R,C, inthe secondary circuit. A similar type 
of circuit is used in conjunction with the high 
frequency transformer, but of course with a 
smaller time constant, to reduce the possibility of 
high frequency noise and picture components reach- 
ing the gasfilled relay. 


B. The Time Base Unit. 


This unit provides the required frame and line 
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scanning voltages for deflecting the electron beam 
over the screen of the cathode ray tube. The 
electrostatic deflection type of cathode ray tube had 
reached an advanced stage of development by the 
time the receiver was planned, and the choice of this 
type enabled the following specification to be drawn 
up for the double time bases :— 

(a) Peak to peak voltage of 800 volts between 
either the front or back deflecting plates to 
give a picture scan of 8 inches in the vertical 
direction or 10 inches in the _ horizontal 
direction. 


RELATIVE GAIN 
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Fig. 15.—-Picture frequency amplifier characteristic. 


(b) The scan distortion expressed in terms of 
change of spot velocity in either direction 
must not exceed 5 per cent. 

(c) At any instant of time the mean voltage 
difference between either pair of deflecting 
plates and the final accelerator should be 
small. 

(d) The flyback time of each time base must not 
exceed a limit set by the length of the picture 
black margin associated with each direction 
of scanning. The width and location of the 
black margin relative to the picture informa- 
tion are indicated in fig. 2, which shows the 
standard signal limits for the Alexandra 
Palace transmitter. 

(e) The time bases must be capable of producing 
a definite size of scan, according to the above 
conditions, when the receiver is switched to 
receive either of the two standards of trans- 
mission. When the picture is transmitted by 
the interlaced system, it is necessary that the 
frame and line timing circuits should be free 
from “‘crossfire’’ and dependent only on the 
incoming synchronizing signals in order to 
maintain accurate interlacing. 

(f) Means have to be employed in order to locate 
the picture information central with respect 
to the cathode ray tube mask. The “Picture 
Dimension Ratio’ is different for the two 
transmissions, and in order to allow for 
these variations a special picture shift circuit 
is used which can provide shift voltages 
consistent with condition (c). 

Fig. 21 shows the layout and fig. 18 the circuit 

of double time bases which meet all the above 
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requirements. For reasons which follow later, it 
will be seen that the actual timing circuit is not 
coupled directly to the output. 

The approximate saw tooth voltage generated by 
the timing circuit must be shaped and amplified 
considerably before application to the deflecting 
system of the cathode ray tube. The amplifier 
comprises two MHé4 valves in cascade, and its 
design must be such that the linearity of scan is well 
within the prescribed limits. As the voltage swings 
of both anodes are large, there is appreciable non- 
linearity of the output voltage of the stages taken 
separately. Condition (b) is much more important 
than Condition (c), and the circuit is proportioned 
so that the voltage difference between the two anodes 
shows a linear rate of change, although it will be 
found that with this adjustment the second valve 
provides an appreciably greater voltage output than 
the first. 

The deflecting plates of the cathode ray tube 
have been designed to work effectively even with 
this departure from symmetry of the saw tooth 
voltage. 

As the two time bases are similar in many 
respects the detailed description will be confined 
mainly to the high frequency case. 





Fig. 17..-Complete film transmitter at the G.E.C. Research Laboratories. 
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The timing circuit is shown within the dotted 
lines on the diagram, and it is here that the 
controlling saw tooth voltage waveform is produced 
by a relaxation oscillator employing a specially 
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mercury filling suffer from the effects of ionization 
inertia and the temperature variation of mercury 
vapour pressure. Relays filled with either helium 
or argon were tried, and it was found that the former 
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amplifiers. 


developed gasfilled relay now designated Osram 
G.T.1.B. Most gasfilled relays have been designed 
for purposes other than time base applications, and 
in particular it can be mentioned that those employing 


were more useful in cases where the anode-cathode 
voltage exceeded a few hundred volts. Argon gives 
better results in the adopted circuit, especially as the 
voltage output is within the range below 100 volts. 
Although the required anode dissipation is quite low, 
the peak current to be handled is in some cases as 
high as 0-5 amp. if the flyback time is to be short 
enough. It is this peak current which partially 
dictates the form of the electrode system, and in the 
G.T.1.B. the distribution of ionization is definitely 
controlled so that the effects of glass wall charges 
and random ionization are avoided. The discharge 
always takes place along a definite path, and it is 
this feature which enables an exceedingly steady 
trigger action to be obtained. One consequence of 
using amplification after the oscillator is that the 
conditions within the relay are rendered less severe, 
and an excellent life is realized. An advantage of 
this type of timing circuit is that the relay is very 
sensitive to synchronizing signals, making it possible 
to use a simple form of synchronizing separator 
circuit. 

It will be seen from fig. 18 that the whole of the 
time base circuit is operated from a common H.T. 
supply which is actually one half of the output of the 
voltage doubling rectifier circuit associated with the 
cathode ray tube. The series charging circuit R,C, 
is connected to the supply of about 1,100 volts. 
Condenser C, charges at an almost constant rate 
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until a limit voltage is reached: at this point there 
is a rapid discharge through the gasfilled relay. The 
cycle of operations is shown in fig. 20, in which :-— 
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Fig. 20.—Timing circuit voltage conditions. 


supply voltage. 
average anode-cathode voltage during 
discharge. 
amplitude of saw tooth voltage. 
period of oscillation in steady state. 
fraction of EF. attained in a fraction k, of 
one period T7,. 

The current conditions in the circuit are mainly 
of interest in so far as they determine the stability of 
oscillation. The mean charging current is :— 
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in which n B. 
The adopted value of J,, is about 0-8 mA. The 
R.M.S. value of the charging current is 


E, (2 n-1) iN 


R, 2n° log. f = :) 


The anode dissipation of the gasfilled relay is easily 
shown to be 


W er 
. n 
R, 2n° log, (2x) 


One of the many advantages of the present 
circuit is that both current and dissipation values are 
very small owing to the large value of n. 

From an arbitrary datum t=o immediately after 
condenser discharge the voltage across the gasfilled 
relay can be written 
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E.. = (E - E,) (1 -e RC ) 


As E, 1s only about 15 volts, this expression can be 
simplified to 


l n 
é, - Ts — R, C, log, (a1) 


Convenient values of R, and C, can be chosen to fit 
this equation. It is quite clear that as the scanning 
spot velocity depends on the oscillation waveform, 
in the absence of amplifier distortion a perfect scan 
is only obtained if k, = k, 


Now ki = nf 1 - (" - - 
nN 


According to this expression, an exact waveform is 
only produced when n = ©. The extent of wave- 
form distortion is best expressed as a variation of 
dk. 


dk.’ which is the slope of the charging curve 
t 


dk; n—-l k, n )| 
dk, n( - ) [oe 


oe dk, 
The value of n is large and the variation of dk? or 





Double time base unit. 


Fig. 21. 


scan velocity, is only a few per cent. The two 
amplifier valves can be arranged to compensate each 
other for non-linearity, but by slight modification of 
this condition the small distortion mentioned above 
can be included in this compensation to give an 
overall result of substantially linear rate of change of 
voltage between the deflector plates. This adjust- 
ment is illustrated in fig. 19. If a voltage difference 
between plates of 800 volts is required to deflect the 
scanning spot across a picture side, the effect of 
unbalance of the two anode voltages can be reduced 
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to a negligible amount by suitable design of deflecting 
plates. 

One effect of a non-linear output voltage rise is 
that the instant at which the voltage reaches its 
average value is not 7./2 seconds after the initiation 
of voltage build-up. As the final accelerator of the 
cathode ray tube is 3,000 volts from earth, the time 
bases must be coupled to the deflecting plates by 
high voltage condensers and the long period average 
of the voltage between the output terminals must 
therefore be zero. 

Non-linearity thus introduces an apparent shift 
of the picture. A non-linear flyback has the same 
effect, but as there is less control over the shape of 
this part of the wave, it is preferable to avoid the 
disturbance by reducing the flyback time to a value 
consistent with good synchronization. 

It will be seen from fig. 18 that the discharge of 
condenser C;, is limited by a resistance R, in order 
to restrict the peak current conditions in the gasfilled 
relay. 

Although the voltage across the relay can have a 
suitable waveform, it does not follow that the 
amplifier has an appropriate phase and frequency 
characteristic to give the required output, unless 
special means are employed. The earth capacity of 
the output leads and deflector plates appears in 
parallel with the anode loads and, in the case of the 
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H.F. time base, has a large influence on flyback 
time. Miller Effect presents a difficulty in the first 
stage as, in the presence of series coupling elements, 
the grid-cathode admittance of the first valve appears 
in parallel with the resistance R,. The grid-cathode 
admittance takes the form of a capacity of value 


R, ) 
C : Ce a Cea € I R, 


and its effect, combined with that of the output 
capacities, is equalized by the coupling circuits 
shown in fig. 18. 

The H.F. scan gives a flyback time of about 12 
per cent at 10,125 cycles per second, and 8 per cent 
at 6,000 cycles per second. Both these values are 
covered by the transmitted H.F. black-out period, 
and are therefore satisfactory. 

The flyback time for the L.F. scan is relatively 
very much faster, being about 1 per cent of the scan 
time for both 25 and 50 cycles per second. 

As the H.T. rectifier supplying the time bases is 
of the directly heated type, it is necessary to protect 
the discharge condensers and gasfilled relays from 
over-voltage during the heating-up period. For this 
purpose small indicator type neon lamps are 
connected from the anodes to earth to limit the 
peak voltage to about 180 volts. 


[To be continued.] 





Extensions to Gordon’s Tree Dockyard, Sudan. 


The activities of the Egyptian Gov- 
ernment’s Irrigation Department, 
which, extend into the Sudan, have 
materially increased in_ recent 
years. An example of this is to be 
found at Gordon’s Tree Dockyard, 
20 kilometres up the White Nile 
from Khartum. 
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The rapid development of 
Gordon’s Tree has necessitated 
the installation of additional 
plant at the power station. The 
illustrations show on the left, 
three new 300 kW 220 volt 428 
r.p.m. alternators each driven 
by a 428 h.p. four cylinder 
Diesel engine, and above, the 
10 panel control switchboard. 
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Technical Literature. 


A DIGEST OF RECENT BOOKS, ARTICLES AND PAPERS BY MEMBERS OF THE 
STAFF OF THE GENERAL ELECTRIC CO., LTD., AND ITS ASSOCIATED COMPANIES. 


A.C. LIFT MOTORS. 
By R. Bennett, A.M.I.E.E. (Design Dept., Witton Engineering Works). 
World Power, Jan., 1937. 


A general introduction to the subject of lift motors 
is given. The types of A.C. motors are discussed 
in relation to operating speeds and characteristics 
required. Typical speed torque and current 
curves are shown for a two speed unit and the 
question of noise briefly outlined. The method of 
deriving the motor torque and horse power is 
given, 


APPRAISEMENT OF LOUD SPEAKERS*. 
By F. H. Brittain (G.E.C. Research Laboratories). 
G.E.C. Journal, Vol. VII, No. 4.and Vol. VIII, No. 4. 


The article is divided into two parts. The first 
part describes the present day methods of 
measuring the performance of a loud speaker and 
indicates the directions in which improvement is 
possible both to the loud speaker and the measuring 
gear. The second part, which appears in this issue 
of the G.E.C. Journal, gives an outline of the 
factors which influence sound reproduction 
excluding the loud speaker and its equipment. 


APPLICATION OF SPECTROGRAPHIC METHODS 
TO GLASS ANALYSIS*. 

By B. S. Cooper (G.E.C. Research Laboratories). 

Jour. Soc. Glass Tech., Oct., 1936. 


Attention is directed to the more useful applica- 
tions of spectrographic methods to the analysis of 
glasses which include: qualitative analysis prelim- 
inary to chemical analysis, testing the effectiveness 
of chemical separations, testing the purity of glass- 
making materials, determination of minor con- 
stituents, aids to the identification of inclusions 
in glass. 


AUTOMATIC STABILIZATION OF TEMPERATURE- 
LIMITED CURRENTS IN THERMIONIC VALVES*. 
By R. G. B. Gwyer and E. C. S. Megaw (The M.O. Valve Co., Ltd. and 
the G.E.C. Research Laboratories). 

Jour. Sct. Instruments, March, 1937. 


The problem essentially is to keep the anode 
current of a saturated diode within specified 
limits. The solution adopted is to use the small 
change in anode current acting through a control 
device, to alter the cathode temperature so as to 
oppose the original charge. 


CHARACTERISTICS OF THERMIONIC RECTIFIERS*. 
By W. A. Aldous (The M.O. Valve Co., Ltd., and the G.E.C. Research 
Laboratories). 

The Wireless Engineer, Nov., 1936. 


With the assumptions of infinite smoothing 
capacity and no emission limitation, it is shown 
that a three halves power law characteristic leads 
to a simple formula which represents accurately 
the anode wattage, output voltage and peak 
current for thermionic rectifiers in terms of the 
input voltage and output current over the normal 
working range. 


COMPARATIVE GLOSSMETER. 
(Salford Electrical Instruments Ltd.). 
Jour. Sct. Instruments. 


A technical description of a comparative glossmeter 
which comprises a small photocell apparatus for 
comparing the gloss of various surfaces as indicated 
by the specular and diffuse reflection properties. 


CONTOURING DENSITY COMPARATOR *. 
By J. M. Waldram (G.E.C. Research Laboratories). 


.“ 


A NOTE ON THE MEASUREMENTS OF 
NON-UNIFORM BRIGHTNESS BY PHOTOGRAPHIC 
PHOTOMETRY. 


By A. Bloch (G.E.C. Research Laboratories). 
Jour. Sct. Inst., Nov., 1936. 


A comparator is described for use in connection 
with the photographic photometry of brightness 
distributions whereby contours of equal brightness 
- be drawn directly from a suitable photographic 
plate. 

In the note, some precautions are indicated which 
have to be observed when the field investigated is 
not uniform but is composed of a large number 
of small elements of varying brightness. 


DETERMINATION OF STRUCTURE IN LIQUIDS BY 
X-RAY METHODS*. 


By J. T. Randall (G.E.C. Research Laboratories). 
Trans. Faraday Soc., Yan., 1937. 


The development of methods of interpreting X-ray 
diffraction patterns of liquids is passed under 
review. A critical discussion of the validity of 
such methods is given. 


DIFFUSION OF GASES THROUGH METALS. 
IV.—DIFFUSION OF OXYGEN AND OF HYDROGEN 
THROUGH NICKEL AT VERY HIGH PRESSURES. 
By C. J. Smithells and C. E. Ransley (The M.O. Valve Co., Ltd., and 


the G.E.C. Research Laboratories). 
Proc. Roy. Soc., November, 1936. 


The rate of diffusion of oxygen through nickel at 
900°C. has been measured and found to be 
independent of the oxygen pressure above 0-25mm. 
The rate of diffusion of hydrogen through nickel 
has been measured at pressures up to 112 
atmospheres at 248°C. and at 400°C. The rate of 
diffusion is proportional to the square root of the 
pressure at the highest pressures. ie 
A tentative theory of the mechanism of diffusion 
is advanced. 


EFFECT OF HYDROGEN IN THE TIME LAG OF 


ARGON FILLED PHOTOELECTRIC CELLS*. 
By N. R. Campbell and R. S. Rivlin (G.E.C. Research Laboratories). 
Proc. Phys. Soc., Jan., 1937. 


A rough determination has been made of the 
amount of hydrogen which it is necessary to add 
to the argon filling of photoelectric cells with 
unsensitized potassium cathode in order greatly to 
reduce time lag. 


* A limited number of reprints is available ; copies may be obtained on application to the Editor, G.E.C. Journal, 
Witton Engineering Works, Birmingham 6 
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IDENTITY OF STRUCTURE IN LIQUID LEAD AND 
BISMUTH*. 


By J. T. Randall and H. P. Rooksby (G.E.C. Research Laboratories). 
Trans. Faraday .Soc., Jan., 1937. 


It is shown that the X-ray diffraction patterns for 
liquid lead and liquid bismuth are identical and 
therefore there cannot be any appreciable 


structural difference between the two liquids. 


LUMINESCENCE AND ITS APPLICATIONS. 
By J. T. Randall (G.E.C. Laboratories). 
Royal Soc. of Arts., Mar., 1937. 


This article is reprinted on p. 103 of this issue 
of the G.E.C. Journal. 


MEASURING INSTRUMENTS*. 

By E. H. W. Banner (Salford Electrical Instruments Ltd.). 

The Electrical Review, Feb. Sth, 1937 
The author discusses the capabilities and limit- 
ations of present-day instruments. Basic design 
data are given and sections of the article are 
devoted to miniature types of instrument, the use 
of rectifiers, thermocouple instruments and testing 
Sets. 


MODERN HIGH VOLTAGE CABLES. 
By R. E. G. Horley, M.I.E.E. (Pirelli-General Cable Works). 
Jour. I.E.E., Jan., 1937. 


A general survey is given of the design and 
installation of, and experience with, modern high 


voltage cables of all types with particular reference 
to oil filled cables. 


MODERN RECEIVING VALVES—DESIGN AND 
MANUFACTURE*. 


By M. Benjamin, C. W. Cosgrove & G. W. Warren (The M.O. Valve Co., 
Ltd., and the G.E.C. Research Laboratories). 
Jour. ILE.E. April, 1937. 


The geometrical design of the types of valve in 
use to-day and the various factors, mechanical and 
chemical which impose limitations in manufacture, 
are discussed. The minimum tolerances to which 
it is possible to reproduce characteristics are 
indicated. Details are given of the precautions 
necessary in the production of modern highly 
efficient oxide coated cathodes and insulated 
hearers. Pumping and activation processes are 
described and influences on the life of valves 
discussed. Hum, microphony, noise and frequency 
limitation and methods of minimizing these 
factors are also considered. 


NEW LIGHT SOURCES: RECENT DEVELOPMENTS 
IN ELECTRIC DISCHARGE LAMPS*. 


By J. T. Randall (G.E.C. Research Laboratories). 
The Physical Society Progress Report, 1936. 


For the purposes of the survey, discharge tubes are 
divided into five classes: cold cathode; hot 
cathode—low pressure; hot cathode—low pres- 
sure, laboratory type ; hot cathode—high pressure; 
hot cathode—extra high pressure. <A detailed 
description is given of the development, construc- 
tion, characteristics and uses of these lamps. 


REMOTE SUPERVISORY CONTROL AND REMOTE 

CONTROL OF HAULAGES. 

By S. W. Richards (G.E.C. Colleries and Mines Section). 

The Mining Electrical Engineer, Feb. 1937. 
It is shown that centralization of control, the 
successful working of which has been amply 
demonstrated in the case of large undertakings, 
such as the Grid, is just as desirable and even 
essential for small undertakings, particularly for 
endless haulage motors underground. The facilities 
provided by a remote control system are outlined 
and a complete scheme is described. 


STRUCTURE OF LIQUID HYDROGEN PEROXIDE*, 


By J. T. Randall (G.E.C. Research Laboratories). 
Proc. Roy. Soc., March, 1937. 


A description is given of the method adopted for 
obtaining photographs of the X-ray scattering of 
pure liquid hydrogen peroxide. The results are 
subjected to Fourier analysis which indicates that 
the liquid hydrogen peroxide has a close packed 
structure of the face-centred type. 


TELEVISION*. 


By G. C. Marris, B. Sc., M.I.E.E. (G.E.C. Research Laboratories). 
G.E.C. Journal, Vol. VIII, No. 1. 


An elementary description of the principal technical 
methods by which modern high definition trans- 
mission and reception is accomplished. 


TESTING OF REFRACTORY BLOCKS FOR GLASS 
TANK FURNACES. 


By J. H. Partridge (G.E.C. Research Laboratories). 
J. Soc. Glass Tech., Dec., 1936. 


A brief account of the many methods used to 
ascertain the resistance of tank block material to 
corrosion is given together with a summary of the 
more important conclusions drawn from these 
tests. 

A procedure for testing tanks is outlined. 


THERMAL ENDURANCE OF GLASS ARTICLES*. 
By R. W. Douglas (G.E.C. Research Laboratories). 
Jour. Soc. Glass Tech., Oct., 1936. 


A case is recorded in which the behaviour of glass 
articles in service was not in keeping with the 
predictions of the normal type of thermal endurance 
test. The alternative tests found to be satisfactory 
are described, illustrating the necessity of devising 
thermal endurance tests which simulate service 
conditions, 


UNIFORMITY AS THE GAUGE OF QUALITY*. 

By C. C. Paterson (G.E.C. Research Laboratories). 

Jour. I.E.E., Dec., 1936. 
This article is reprinted on p. 136 of this issue 
of the G.E.C. Journal. 


* A limited number of reprints is available; copies may be obtained on application to the Editor, G.E.C. Journal, 
Witton Engineering Works, Birmingham 6 











